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The Forschungsgemeinschaft Funk (FGF) celebrates
a round anniversary, for the third time already: fifteen
years ago, on September 1, 1992, the FGF was found-
ed as a non-profit association. On the initiative of the
Federal Ministry of Post and Telecommunication and
the Minister, Dr. Christian Schwarz-Schilling, respec-
tively, 16 institutions from the ranks of industry, net-
work operators, associations, universities and the
Ministry of Post brought the FGF into being with the
aim to as far as possible objectify the debate over
mobile radio and its possible biological effects — pop-
ularly called “electrosmog”.

The ,network for research and information“ of the
FGF is devoted to the biological effects of electro-
magnetic fields on humans and the environment. Look-
ing back, the FGF has developed into an efficient
institution financing research projects, but has also
gained international reputation as a mediator of dis-
cussion and advice in the 15 years of its work. With
its international workshops, jointly organized with the
WHO, the European Union (COST action 281, EMF-
NET) and other institutions like e.g. the Ministry of
Environment of Baden-Wirttemberg and the Federal
Office for Occupational Safety and Health, the FGF
has created an internationally acknowledged platform
for the exchange of data, facts and know-how on hot
scientific topics.

In the information given to the public, media and
politics, the FGF observes strict neutrality in the of-
ten very emotional discussion, i.e. it is committed
only to scientific accurateness. Until today, the FGF
has spent 10 million euros for research, i.e. for about
80 research projects. Among the members are nu-
merous international companies, universities and
authorities.

All this is a good reason for organizing a scientific
symposium titled “15 years of FGF — Network for Re-
search and Information“ on the occasion of its 15th
anniversary, followed by a celebration in the evening.
15 years of the Forschungsgemeinschaft Funk e. V.
also stands for a 15-year struggle of understanding
the question in our statutes: “Are high-frequency elec-
tromagnetic fields below valid limits a danger for hu-
mans and/or the environment?“ Is it possible at all

to find an objective answer to this question? In view
of the many influential factors that rationally, but
also emotionally affect the public discussion, the FGF
has tried to remain independent of convictions and
opinions and to orient exclusively to scientifically
founded arguments.
The quality of scientific assertions depends on many
factors, e.g. the comparability and reproducibility of
research results, including a solid statistical evalua-
tion, etc. Through its work the FGF has contributed to
the improvement of research activities in the field of
EMC, especially by:
e providing guidelines for scientifically accurate ex-
posure experiments
e the description and definition of generic GSM and
UMTS signals for experimental use
e the active support of the research agendas of the
WHO and the EU.
The FGF early on pointed out the need and relevance
of interdisciplinary cooperation and has successfully
optimised the quality of scientific research by diligent
design, performance and evaluation of results. By
developing, supporting and financing different infor-
mation databases the FGF made scientifically veri-
fied, peer-reviewed research results available to re-
search institutions.
In the field of information provision the FGF has es-
tablished as a reliable and current source of scientif-
ic news and information; besides its Internet servic-
es there are its media, the “Newsletter”,“Edition Wis-
senschaft® and “Infoline“. It is not only the news
item itself, but the whole topic area that is highlight-
ed by the provision of background knowledge in order
to give interested laypersons as well the possibility
to get comprehensive information about the state of
art in the area of EMC.
“Research and Information“ — these are the two fun-
damental values that have guided the FGF in the past
15 years!
In this festschrift in the form of a special edition of
the Newsletter we want to collect the information of
the day, beginning with the contributions to the sym-
posium up to the greeting addresses on occasion of
this celebratory event to remember them.

L5t . { FGF 3/2007 N5W§ 3



15th anniversary of FGF

15 vears FGF —

15 years as competent contact
for Radio Applications

FGF (Forschungsgemeinschaft Funk) — Research As-
sociation for Radio Applications: the name stands for
internationally recognized and reliable research and
risk communication in the area of radio technologies.
Its reputation is proof of achievements that could
hardly have been anticipated back when the FGF was
being established. Network operators, service provid-
ers, manufacturers, public authorities, the scientific
community, and other organizations that are mem-
bers of the FGF have been key contributors in the
success story. All of them have worked toward the
same goal: discussion of electromagnetic fields and
their biological effects on humans and the environ-
ment. Since its founding in 1992, the FGF has provid-
ed financing in the amount of 10 million Euros to
support research activities.

The FGF is respected throughout the world above all
for its research and communication strategy. Its the-
matic focuses are broadly diversified. Individual
projects are selected in line with the research goals
of international groups of experts and, as a rule,
awarded to scientific institutions. The projects must
meet the standards demanded by the World Health
Organization. Among other things, they must be ap-
propriately documented and therefore also reproduc-
ible. The FGF collaborates closely with the WHO. Re-
sults are made accessible to the specialized public
in channels such as peer reviewed journals, and they
are attractively and understandably prepared for the
general public through various activities including
workshops and information events. Several times a
year the FGF's Newsletter publishes additional infor-
mation on topics related to all aspects of electromag-
netic environmental compatibility. Furthermore, the
FGF supports the development of a scientific data
base that is generally available and may be accessed
at http://www.femu.de.

The FGF has thus established itself as a contact
partner for numerous national and international bod-
ies and, with its expertise and range of tasks, it is
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the only organization of its kind in Europe. It has
convincingly shown that, according to all scientific
findings, no negative effects on humans and the envi-
ronment are to be expected from electromagnetic
fields at frequencies below the valid threshold val-
ues. At the national level, the FGF has, among other
things, helped to calm the originally very emotionally
conducted discussion of the dangers of electromag-
netic fields.

It might then be fair to ask, ,mission accomplished?*
“Yes,“ if the question relates to our facilitation of
significantly more objective communications among
decision makers and the public at large. But “no,“ in
terms of new radio technologies, whose potential im-
pacts have to be identified anew. Nor will the political
and scientific communities ultimately be able to es-
cape from the virtually irresolvable psychological prob-
lem of many individuals who perceive a negative influ-
ence from the mere presence of radio masts.

The FGF will have to take account of this new set of
problems by, for example, placing greater emphasis
on providing more information and communication
and less on “research for the sake of research.” |
wish the Research Association for Radio Applications
— also on behalf of Federal Minister Michael Glos —
good fortune in meeting these challenges, and | hope
that the organization will continue to serve as a com-
petent contact partner for issues involving electro-
magnetic environmental compatibility.

e

Gerold Reichle

Director General for
Communication and Postal
Policy German Ministry

of Economics


http://www.femu.de

15 years of mobile phones
— 15 years of research efforts

Dear ladies and gentlemen,

when | was elected to the Board of Directors of the
FGF two and a half years ago, | felt it was more than
remarkable that at the beginning of the mobile phone
era in Germany the promotion of an engaged and
sustainable research were launched.

Today I'm very delighted being in the position to cele-
brate the 15th anniversary of the Forschungsgemein-
schaft Funk with you, after we celebrated the 15th
anniversary of mobile phones this summer.
Certainly, the change of mobile phones from the mod-
els of the year 1992 to today’'s devices with their
huge spectrum of features got more attention than
the research into possible biological effects of radio
fields and the changes in this field.

| think, however, that the changes in the field of
research — and the deliverables of the Forschungsge-
meinschaft Funk as well — are not less significant
and spectacular.

In 1992 the situation was different:

e there was no flow of information to the public

e a number of unresolved scientific questions and
e exposure systems enabling interexperimental com-
parison were in their beginnings.

Regarding these questions the Forschungsgemein-
schaft Funk was and still is an important pioneer. In
2006 nearly 100,000 visitors of the FGF internet serv-
ices were counted in average per month.

The signal generator from the first UMTS project of
the FGF became the de facto standard, which is used
in nearly all UMTS projects of the German Mobile
Telecommunication Research Programme.

The FGF can be proud having promoted the first multi-
generation study on UMTS signals with Dr. Busch-
mann‘s project at the Fraunhofer Institute in Hanno-
ver, at a time, when demands for projects on long-
term effects were rapidly growing.

The list could be extended and, hopefully, this cele-
bration will give us the opportunity to do so.

At this point let me express my heartfelt thanks to Dr.
Friedrich, his team at the Administrative Office and
especially the colleagues of the Working Groups “Pub-
lic Relations” and “Research” on behalf of the Board
of Directors.
Without their dedication and commitment the For-
schungsgemeinschaft Funk and the research promot-
ed by this association would not have this high level
of reputation as it has today.
But | wish to have a look at another aspect of this
change as well, which is not wholly positive from the
perspective of the FGF.
What does this mean:
The large research projects are launched at the end
of the nineties with the expansion of UMTS networks
on a European and National level resulted for the FGF
in becoming from one of the bigger research promo-
tors to a less bigger one from a financial point of
view.
Of course the relevance of these programmes for
answering the open scientific questions within the
EMF Project of the World Health Organisation cannot
be denied and must be welcomed also regarding the
scope of the FGF’'s activities. But for the FGF this
also meant that some long-standing members have
terminated their membership.
Sure, in some cases the reason may have been that
the production of mobile phone or radio devices was
stopped. But also in considering the large interna-
tional EMF research programmes they did not find it
necessary to be a member of the FGF any longer.
| do not share these thoughts.
In my view, the FGF is still needed in the future,
because we have to answer the questions, like
e What will happen regarding public perception after
the results from the research programmes have
been published?
e Who will evaluate and explain the results and make
them available to interested circles in Germany?
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e Who will maintain consistency and sustainability
after the large programmes are finished?
| see an important mission of the FGF here. But change
is required as well.
This change and the corresponding repositioning of
the Forschungsgemeinschaft Funk has already start-
ed.
In recent years, the Forschungsgemeinschaft Funk
did not only initiate and commission research projects,
but also has become an important platform for dialog
of scientists and stakeholders in organising adequate
workshops.
The workshops e.g. on the “Blood-Brain Barrier”, “Ge-
notoxicity“ or “Sleep Disturbances” addressed im-
portant questions and issues. Hence, the FGF was
positioned as a partner in cooperation with the Euro-
pean COST initiative and the World Health Organisa-
tion. This is also an important contribution made for
the networking of German and international EMF re-
search.
In my view, future research promotion of the FGF will
have four important foundations:

1. Providing transparent information on

EMF research to the members of the FGF

and the interested public in Germany

Examples for this are the internet and intranet servic-
es of the FGF, its publications and also the support-
ing of the EMF portal at Aachen University, reviewed
by the WHO, which was launched as a project of the
FGF and has since been supported by it, together
with many others.

2. Platform of dialog with important stakeholders
My colleagues and collaborators, but also research-
ers repeatedly confirm that the project presentation
and workshops of the FGF enable just the contact
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and conversations needed to obtain information on
emerging technologies at an early stage or to facili-
tate the critical constructive discussion of different
research approaches.

3. Workshops on scientific opinion formation
This work was already successfully triggered by the
FGF in organizing the workshops mentioned above.
And it will continue to play an important role regard-
ing the discussion of results from ongoing research
programmes. In my view, it is important that such
workshops take place just here in Germany, in order
to get German scientists more strongly involved in
the debate on EMF risks.

4. Promotion of original research

Last, but not least the promotion of experimental and
epidemiological research projects as a FGF core task,
of course. Only who actively promotes research, main-
tains the competence to assess current research.

In conclusion, let me stress the importance of these
four future core tasks of the FGF. | am convinced that
the FGF with this positioning will make an important
contribution to an objective and responsible handling
of radio technologies for the members and the inter-
ested stakeholders.

Since January 2007,
Karl-Wilhelm Siebert,
Director Regional Network
& Operations Branch West,
Vodafone D2 GmbH, is the
Chairman of the Board

of Directors of the FGF.




ICNIRP-Standards:
Rational bases and

future developments

Paolo Vecchia

The International Commission on Non lonizing
Radiation Protection (ICNIRP) was created

in 1992 as an independent expert group
responsible for providing advice to national
governments and international organizations on
possible health effects of non ionizing radiation
(NIR) - including electromagnetic fields —

and the ways to protect against such effects.
ICNIRP took over activities and responsibilities
of an International Non lonizing Radiation
Committee (INIRC) that operated from 1977

to 1992 inside the International Radiation
Protection Association (IRPA).

During thirty years, guidance provided first by IRPA/
INIRC and later by ICNIRP has evolved from simple
recommendations for limiting exposure to specific
sources and in restricted frequency ranges to a com-
plex and comprehensive protection system. The gen-
eral approach to NIR protection and the basic criteria
for the development of ICNIRP recommendations are
detailed in an ad hoc scientific paper [1].

ICNIRP issued in 1998 a guideline document on the
exposure of workers and the general public to elec-
tromagnetic fields in the frequency range from O Hz
to 300 GHz [2]. Such document superseded previous
guidelines that had been published by IRPA/INIRC,
separately for radiofrequency electromagnetic fields
(100 kHz — 300 GHz) [3] and for power frequency
(50/60 Hz) electric and magnetic fields [4]. Although
the new standards were based on a much wider sci-
entific database, the very rationale and the exposure
restrictions did not change substantially, indicating
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that the research in the area had already reached a
high level of maturity, both in the identification of
biological and health effects, and in the understand-
ing of underlying interaction mechanisms.

The long time elapsed since the issue of last guide-
lines, and the accumulation of new data, require how-
ever that the existing recommendations be reviewed
and updated, and ICNIRP has already started the
revision process. Considering the different advance-
ment of scientific research and risk assessment, the
Commission has decided to split the new guidelines
in two documents, covering low frequency (0 Hz —
100 kHz) and high frequency (100 kHz — 300 GHz)
fields, respectively. The basic criteria and the steps
of the process will be the same in the two cases, and
are briefly discussed in the following sections.

Steps in the development

of ICNIRP standards

A basic feature of ICNIRP guidelines — and of similar
standards developed by a number of international
is that
they are firmly based on established science, and

organizations and national governments —

aim at protecting against all, and only, adverse ef-
fects that have been clearly indicated by high-quality
research.

The starting point for the development of guidelines
is therefore an in-depth analysis of the literature, and
a scientific assessment of health risks. ICNIRP per-
forms this task in cooperation with other internation-
al bodies, namely the World Health Organization (WHO)
and the International Agency for Research on Cancer
(IARC).

As a first step, ICNIRP carries out a comprehensive
review of the scientific literature concerning expo-
sure assessment and dosimetry, biological effects,
epidemiology, and interaction mechanisms. On its
side, IARC evaluates those studies that specifically
address a possible role of EMF in the development of
cancer and, when appropriate, classifies the differ-
ent types of EMF according to their carcinogenic pow-
er. Finally, WHO uses input from ICNIRP and IARC to
perform a global evaluation of all possible health
risks of EMF exposure.
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The deliverables of such risk assessment procedure
are in the form of ICNIRP reports (so-called “blue
books”), IARC monographs, and WHO’s Environmen-
tal Health Criteria (EHC). They constitute the scientif-
ic basis for ICNIRP to revise and update its guide-
lines.

The process described above has been completed
for low frequency fields, and the corresponding mon-
ographs have been published [5,6,7]. Based on these
documents, ICNIRP has recently started the revision
of its guidelines for the frequency range between O
Hz and 100 kHz.

The corresponding process for radiofrequency (RF)
electromagnetic fields has been intentionally delayed,
due to the present, rapid evolution of scientific knowl-
edge. A very intensive research effort has in fact
been produced in the last years, focusing in particu-
lar on RF fields generated by mobile telecommunica-
tion systems. Within the 5" Framework Program of
Research funded by the European Union, several large
projects have been launched involving international
collaboration between different research units; while
most of the experimental work has been completed,
some data are still being analysed or waiting for pub-
lication. Of special interest in this context is Inter-
phone, an epidemiological case-control study on tu-
mours in the head and neck in relation to the use of
mobile phones. With research units from 13 different
countries and several thousands of cases collected,
Interphone represents the largest study of this kind
ever performed.

Scientific bases of guidelines

for radiofrequency fields

As already mentioned, ICNIRP guidelines are only
based on science, and on effects that have been
scientifically established. An effect is considered es-
tablished when it is indicated by high-quality studies,
the findings are independently reproduced in replica-
tion studies, and the evidence is consistent across
different research areas (e.g. epidemiological find-
ings on humans are coherent with laboratory studies
on animals, results of in vivo studies are supported
by those in vitro, etc.).



At the time the first RF guidelines were issued by
IRPA/INIRC, the only established health effects of RF
fields were acute in nature, and were associated to
the absorption of electromagnetic energy by body tis-
sues, with an associated increase of body tempera-
ture. These “thermal” effects were clearly established,
physically and biologically understood, and well char-
acterized in terms of exposure-effect relationships.
There was in fact clear evidence that such effects
only occur above a threshold depending on a number
of exposure characteristics that had also been identi-
fied.

Though a number of biological responses to low-level
exposures have been indicated by laboratory studies,
no biological effect potentially relevant for human
health was identified below thermal thresholds. Based
on the general approach of IRPA/INIRC, the scientific
rationale of the guidelines was therefore based on
thermal effects only.

The basic restrictions and reference levels recom-
mended in 1988 were essentially confirmed in 1998.
The large number of studies carried out in the time
period elapsed between the two standards had in
fact provided further support to the original conclu-
sions and the scientific rationale remained unchanged,
though based on more data and refined analyses.
While confirming that only acute effects were scientif-
ically established, in the rationale of the revised guide-

lines some discussion is devoted to the issue of
possible long-term risks of exposure, that has raised
big controversies and public debates in recent years.

Consideration of long-term effects

A variety of studies, both biological and epidemiolog-
ical, have been carried out in recent years to test the
hypothesis of long-term effects — including cancer —
of chronic exposures to field levels below the ICNIRP
guidelines.

The issue was already considered by IRPA/INIRC in
its 1988 guidelines, with a short mention in the last
paragraph of the rationale for exposure limits: “The
Committee considered the recent data linking elec-
tric and magnetic field exposure to increased cancer
risk or congenital anomalies [...]. Available data are
inconclusive and cannot be used for establishing ex-
posure limits”.

In the two last decades, however, the possibility of
long-term effects has become a central issue both
from the scientific point of view and for the develop-
ment of health policies. ICNIRP has paid continuous
attention to the advancement of research, through
its Standing Committees on Epidemiology (SC I) and
on Biology (SC Il). In the 1998 guidelines a full sec-
tion of the chapter on the biological basis for limiting
RF exposure is dedicated to a critical review of can-
cer studies (epidemiological), and a relevant part of
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the discussion on cellular and animal studies deals
with biological endpoints that may be relevant for the
promotion of tumours or other degenerative diseas-
es. The conclusion essentially confirms the position
of IRPA/INIRC, but on the basis of a much more con-
sistent literature: “Although there are deficiencies in
the epidemiological work, such as poor exposure as-
sessment, the studies have yielded no convincing
evidence that typical exposure levels lead to adverse
reproductive outcomes or an increased cancer risk in
exposed individuals. This is consistent with the re-
sults of laboratory research on cellular and animal
models, which have demonstrated neither teratogen-
ic nor carcinogenic effects of high-frequency EMF”.
ICNIRP continuously monitors the advancement of
research and checks the adequateness of its recom-
mendations to most recent findings. In 2004, a re-
view paper was published by ICNIRP’s Standing Com-
mittee on Epidemiology [8]. The main conclusion was
that “Results of epidemiologic studies to date give
no consistent or convincing evidence of a causal rela-
tion between RF exposure and any adverse health
effect. On the other hand, these studies have too
many deficiencies to rule out an association”. At the
same time, biological studies on animal and cellular
models have provided no support to the hypothesis
of a role of RF electromagnetic fields in the develop-
ment of cancer and other long-term pathologies.

The most recent results, both epidemiological and
biological, did not modify the above evaluations, and
there is therefore no reason for ICNIRP to change its
judgement on the impossibility to define any sound
exposure limit to prevent long-term effects.

Science-based standards

and precautionary policies

While only acute effects have been scientifically es-
tablished, the possibility of long-term adverse conse-
quences of chronic exposure below the thresholds
for acute effects cannot be dismissed in principle,
since science cannot prove the negative.

In order to prevent or reduce these risks, though
hypothetical, some national governments or local au-
thorities have adopted measures that replace or com-
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plement science-based exposure limits. In general,
the precautionary principle is invoked to this purpose.
In spite of its popularity, the principle is not well
defined, and is variously interpreted. In addition, a
possible conflict between science and the principle
has been outlined [9]. An important clarification was
provided by the European Commission (EC) [10]; it
stressed that a basic condition for the principle to be
invoked is that a potentially serious health hazard
had been identified and scientifically evaluated. There-
fore, science should be the fundamental basis —
though not the unique one — for the adoption of pre-
cautionary policies.

Other criteria are indicated by EC for the correct ap-
plication of the principle. The selected measures
should be inter alia: tailored to the chosen level of
protection, non-discriminatory, comparable to meas-
ures taken in equivalent areas, based on a cost/
benefit analysis, and provisional.

Examining in this respect the case of EMF, WHO con-
siders that “[...] a cautionary policy for EMF should
be adopted only with great care and deliberation. The
requirements for such a policy as outlined by the
European Commission do not appear to be met in the
case of either power or radio frequency EMF” [11].
The inapplicability of the precautionary principle does
not necessarily mean disregarding any precaution.
On the contrary, WHO recommends that in the pres-
ence of scientific incertitude (that is unavoidable in
principle) any political decision be taken in the con-
text of a precautionary framework, where besides sci-
entific evidence of risk also social and economic fac-
tors are taken into account, including public sensitiv-
ities.

As already noted, socioeconomic considerations fall
outside the remit of ICNIRP, whose role in the imple-
mentation of precautionary measures is limited to a
scientific assessment of the plausibility of a health
effects ant to an esteem of the potential health im-
pact, where possible.

Anyway, both WHO and ICNIRP stress the importance
that precautionary measures, and the way by which
they are implemented, be such as not to undermine
science-based exposure limits.



Future developments

of the ICNIRP guidelines

The development of safety guidelines is a dynamic
process that evolves with the progress of knowledge.
ICNIRP continuously checks the validity of its recom-
mendations by monitoring both the advancement of
research on biological and health effects of electro-
magnetic fields, and the development of emerging
technologies that may involve the introduction of new
sources and new modalities of exposure. While there
seems not to be an urgent need to change basic
restrictions and reference levels, an update of the
scientific rationale that includes the most recent re-
search findings could be appropriate.

A comprehensive review of RF guidelines would be
illogical and unwise at this moment. What national
health authorities and the public expect is in fact not
the confirmation of restrictions based on acute ef-
fects (that appear quite consolidated), but rather a
position of ICNIRP on long-term risks. Whichever po-
sition is premature, however, before the publication
of final results of the Interphone study and of some
important biological research that is being finalized
right now. Only after completion of these studies,
IARC will convene an expert group for the classifica-
tion of radiofrequency fields with respect to human
carcinogenicity. Further steps of risk assessment by
WHO and revision of guidelines by ICNIRP will follow
in sequence, and the whole process will necessarily
take some years.
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The FGF’s _contrib_ution
on biological

by Wilma Dubois

The FGF began its work in 1992,

at the time when the first digital mobile
communication network, the

mobile communication network of the
2" generation “GSM*“ (Global System for
Mobile Communication) were introduced.
Electromagnetic fields (EMF) had been
emitted as radio waves by radio and
television stations, radar systems, etc.
for decades. At that time, mobile radio
was used by only about 1 % of the
general population of Germany. The
number of research investigations pub-
lished in scientific journals on the topic
of mobile communication was low
(1992: < 10), there was not much EMF
research going on in Germany and it was
restricted to technical aspects.

With the expansion of digital mobile
communication networks and the related
installation of transmitting masts
concerns over health risks from electro-
magnetic fields steadily increased.
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It was against this backdrop that two core tasks were
presented to the FGF: on one hand the provision of
objective and comprehensive information to the pub-
lic regarding the state of scientific knowledge about
biological effects of electromagnetic fields on humans
and the environment and on the other hand, the
focus of research on high-frequency fields as are used
for modern radio technologies. The primary objective
of the FGF’s research work was to close gaps of knowl-
edge, to strive for higher quality of research as well as
insurance the quality of experimental research projects.

The four phases of research work

After taking stock of available knowledge, highlight-
ing the context of public risk perception and search-
ing for open questions regarding “Electromagnetic
Compatibility with the Environment” (EMC), the FGF
first decided to conduct own experimental biomedical
studies, relying on a basis of five different levels of
investigation that comprise experiments with mole-
cules, cells, animals, humans and medical devices
(e.g. cardiac pacemakers). Due to the high costs,
projects in “epidemiology” were not on the agenda of
the FGF.

The 15 years of the FGF’s research work can be sep-
arated in four phases (1-4), according to the focus of
research activity.



First phase: cooperation with the
»Research Association Electromagnetic
Compatibility of Biological Systems*
and the “Research Initiative North
Rhine-Westphalia“

The first phase of research work in the time between
1993-1996 was characterized by the cooperation with
the “Research Association on Electromagnetic Com-
patibility of Biological Systems*” in Braunschweig, di-

to the research

effects of EMF

rected by Prof. Dr.-Ing., Dr.-Ing E.h. Karl Brinkmann,
that existed for more than 20 years, and the Re-
search Initiative NRW on the topic of “Biological ef-
fects of electromagnetic fields“. At the end of 1993,
this cooperation led to the commissioning of first
experimental research projects. Four out of five lev-
els of investigation mentioned above were consid-
ered in selection. The focus of interest were possible
genotoxic and cancer promoting effects as well as

The Different Investigation Levels of Research Projects

: Population — Epidemiological studies (this is not a research topic #
.'A_: for projects supported by the FGF)

Addresses the question as to whether or not high frequency electromagnetic fields have an effect on an

entire population (how often does a certain illness occur in combination with a specific risk factor?)

The Individual — Human studies / animal studies
Does a controlled application of a specific factor (e.g. a electromagnetic field) trigger a measurable
reaction in the body.

Cells and Tissue — cellular biological investigations
Can the behaviour of cells, cell associations and cell membranes be influenced by electromagnetic

fields (localization of the areas effected)

Molecules — Biochemical und molecular biological investigations
Can biochemical or molecular structures be influenced by electromagnetic fields.
(investigating mechanisms which cause the effect)

Medical Devices — investigations on whether or not EMF interfere

with electromagnetic devices
Investigations on the effects of electromagnetic fields on electromagnetic implants, e.g. cardiac
pacemakers (if applicable, effects the corresponding standard)
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the effects on cell membrane function (cellular level),
the effect of EMF on brain function and hence on the
human central nervous system (level of humans) as
well as medical devices such as cardiac pacemakers
(level of medical devices). Moreover, first experiments
with artificial cell membranes (bilayers) were conduct-
ed, by which in the following, an intense analysis of
“EMF interaction mechanisms*“ (molecular level) was
initiated.

In this first phase, a total of 16 research projects
(plus subcontracts) were performed on the effects of
high frequency fields, as are used e.g. for mobile and
police radio, television transmitters and for therapeu-
tical ends. Seven scientific (peer-reviewed, reviewed
by specialists in the field) resulted in seven publica-
tions.

Second phase: new selection process

In the second phase (1996-1999) the FGF selected a
new approach to the commissioning of research
projects: a group of internationally acknowledged sci-
entists is responsible for the selection in order to
emphasize the neutrality and independence of the
FGF. Open calls for tender with a selection of topics
that followed the recommendations of the WHO Re-
search Agenda; it was published in 1997 in the frame-
work of the WHO EMF Project launched the year be-
fore. A total of 17 studies were started in 1997 and,
in part, extended to the year 2000. Among them were
also literature studies on single topics performed that
completed different projects and provided informa-
tion about the state of research of that time. Possi-
ble cancer promoting effects, the effects of EMF on
melatonin synthesis as well as possible effects on
the offspring were investigated in animal studies (lev-
el of animals). Moreover, the experiments with bilay-
ers (molecular level) were continued in the form of
calculations, analyses and experimental studies as
well as experiments with the cell membrane (cellular
level). Investigations of brain activity (EEGs) were con-
tinued and expanded by additional neuropsychologi-
cal tests (level of humans). Another study on cardiac
pacemakers concluded the observations on the level
of medical devices within the research promoted by
the FGF. When commercial applications of electro-
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magnetic fields in the upper microwave range (cm/
mm waves: 3 GHz to 300 GHz) emerged, a research
project investigating possible effects of EMF in this
frequency range was planned. 14 peer-reviewed pub-
lications were the result of this second phase of FGF
research.

Third phase: UMTS

The third phase of the FGF’'s research work (1999-
2002) stood in the sign of the new mobile communi-
cation technology UMTS, the mobile radio system of
the 3rd generation, which was commercially intro-
duced in 2004 in Germany. Already in 2001 the FGF
was the first research institution in Germany to in-
clude investigations on effects of UMTS signals on
biological systems in its research agenda. The stud-
ies, in part, extended over several years or are still
ongoing, respectively. Experiments were conducted
both on the level of animals and the level of humans.
Two studies were devoted to the effects of UMTS on
the central nervous system (CNS): on the cellular
level the blood-brain barrier was the object of investi-
gations, on the level of humans the visual system
was more closely inspected. The level of animals was
covered by a multigenerational study on possible tox-
icological effects of UMTS fields on the offspring of
rats. For comparability with other experiments, also
in the international context, the first standardized
UMTS signal scheme was developed and published
on the initiative of the FGF and is since applied in
many, also international, projects.

Moreover, experiments on GSM signals were contin-
ued in this phase. Again the effect of EMF on the CNS
was investigated and, on the other hand, a topic not
yet considered in the experiments was studied: elec-
trohypersensitivity.

In total, besides three literature studies eight experi-
mental studies were promoted in this period. Nine
peer-reviewed publications were the result so fare.

Fourth phase: science dialog

The fourth phase (from 2002) began against the back-
drop of the increase in intensive research in Europe
regarding mobile radio field risk assessment, ad-
vanced by large-scale research programmes as e.g.
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the “German Mobile Communication Research Pro-
gramme® or coordinated European programmes like
“REFLEX“, “Perform A“ and “Perform B“. In view of
the steadily increasing number of scientific studies
on EMF effects on biological systems, the FGF inten-
sified its promotion of the review, analysis and dis-
cussion of available scientific literature and the ex-
perts’ discussion of current research foci. An impor-
tant part of this concept is the organization of expert
workshops on special topics in order to promote the
exchange of information between scientists, to work
out the state of the art of science and to make re-
ports available to interested persons. The coopera-
tion with national and international organizations and
bodies was intensified, e.g. for five years the FGF
functioned as the Secretariat of the scientific coordi-
nation action of the EU “COST 281*.

Moreover, the cooperation with the WHO’s “EMF
Project” as well as with the “Research Centre for
Electro-magnetic Compatibility (femu) of the RWTH
Aachen was expanded further.

A focal point: expert workshops

A well-established element of FGF research activities
are the expert workshops on current research topics,
which now take place 2-3 times a year. They serve as
a platform of in-depth discussion of the present state
of knowledge for scientist. They are intended also to
discuss their own results and, mainly, the questions
that are still open in EMF research. The researchers
can get an overview of the current state of knowledge
by the observation of planned or ongoing projects.
The objective, open character of the workshops quite
often gives the possibility to establish productive con-
tact between research groups. Here, the participa-

tion of experts (e.g. biomolecular scientists, sleep
researchers or pediatricians) who are not active in
the area of EMF research before, but have excellent
experience in the methodology and the conclusive-
ness of studies done in the respective special areas
is specially emphasized. The restricted number of
participants (about 50) and the space given to dis-
cussion allow an in-depth investigation of topics and
quite often result in consensus statements. An ex-
ample for this may be the concept for a metastudy on
genotoxic issues with sufficient statistical power, the
idea of which was born and presented at the work-
shop in November 2002 in Léwenstein. This concept
led to a recommendation of COST 281, which again
was considered and implemented in a currently ongo-
ing project of the German Mobile Communication Re-
search Programme. The selection of the topics of the
workshops is based on internal analyses of the
present state of research and on recommendations
of members of the FGF or other organizations, like for
instance the WHO. Areas of research, where several
studies have obtained contradictory results, as was
the case e.g. regarding investigations of possible in-
teraction mechanisms between electromagnetic fields
and biological structures or investigations on the ef-
fects of high-frequency fields on the blood-brain barri-
er, are especially considered. A topic that is present-
ly under discussion, namely whether children are es-
pecially sensitive to EMF exposure, was dealt with at
one of the FGF’s workshops.

This part of the work of the FGF has been an essen-

tial contribution to the quality improvement in the
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methodology of investigations, the qualified review
and evaluation of the present state of knowledge.
The workshop reports are available on the Internet at
http://www.fgf.de/fup/ergebnisse/erg-11work.htm.

Literature and information database

The effort to present available knowledge about EMF
effects on humans and the environment in a trans-
parent and comprehensible way was linked to the
continuous support of the FGF for the literature and
information database on the effects of EMF on hu-
mans and the environment (knowledge-based litera-
ture database, WBLDB). Under the direction of Prof.
Silny, the information database on biological effects
of low- and high-frequency electromagnetic fields was
created at the Research Centre for Electro-magnetic
Compatibility with the Environment (femu) at the Tech-
nical University of Aachen, where both experts and
laypersons can get free information on the present
state of knowledge through the use of scientific liter-
ature.

A compact description of the most relevant biomedi-
cal and technical aspects of each publication ena-
bles the user to get access to further information,
without having to read the entire publications, which
are mostly in English. The bilingual (German and Eng-
lish) database, financed by different institutions, was
developed over many years and is today the core
element of the so-called EMF portal (http://www.emf-
portal.de), by which the topics and contents of spe-
cial literature are made more easily comprehensible,
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with the help of additional information services like a
“glossary”, the database on “exposure sources in
everyday life“, the “basics“ and the “forum*® for us-
ers. At present, more than 10,000 publications are
included, new special articles are included as they
come along. All experimental studies from the bio-
medical area with applications of frequencies as are
used in mobile communication have been evaluated
regarding their biological and technical contents. Since
the official opening of the EMF portal in July 2005 a
steady increase in use intensity has been observed
(now about 1300 visitors a day). Due to its bilingual
character, the portal is also used international main-
ly by visitors from the USA.

Topics and the context of research work
The FGF is still conducting and accompanying experi-
mental studies among other things to maintain its
scientific competence. Within these studies, in part,
novel test approaches for the investigation of the
impact of EMF were developed, or, by providing initi-
tial funding, their development is made possible. So,
for instance a new test approach regarding the im-
pact of EMF on sleep quality was checked in a pilot
study. The idea was that not the response of volun-
teers to a provocation with irradiated artificial fields,
but the response to the shielding against emissions
of EMF (strong attenuation of the impact made re-
sponsible by electrosensitive volunteers for their sleep
disturbances) should be investigated (project EPROS:
Electrosensitive Protected Sleep).

Furthermore, an ongoing animal study accounts for
the urgent need for longterm studies. While many of
the studies termed “longterm studies” do not exceed
an experimental phase of about two years, this study
is a true lifetime study; the animals are exposed,
observed and examined until their natural death.

In another ongoing study whole-body dosimetry is cal-
culated under complex field conditions against the
backdrop of the steady increase in the simultaneous
exposure of humans to many technical electromag-
netic field applications.

A multigeneration study, considering possible fetus-
damaging effects of UMTS signals etc., is not fin-
ished either.


http://www.fgf.de/fup/ergebnisse/erg-11work.htm
http://www.emf-portal.de

Moreover, several literature studies, e.g. accompany-
ing own studies and workshops of the last years (4th
phase), were commissioned.

In the 15 years of the FGF’'s research the planning,
construction and field-calculation regarding applied
exposure systems were continually improved and
adapted to the state of technology. Examples for this
are: the development of a small TEM cell and of sev-
eral hollow wave guide cells for microscopic “in vitro“
tests, several radial wave guides for animal tests or
tests with tissues and cells, an antenna system for
the nocturnal exposure of volunteers in sleep studies
investigating the CNS, as well as the design of spe-
cial exposure rooms and antenna systems for other
human high-frequency experiments. Moreover, the def-
inition of a standardized GSM signal and UMTS signal
(“generic test signals”) for research commissioned
by the FGF served to improve the qualitative standard
of EMF research and the comparability of different
experiments. Due to the progress of computer tech-
nology, sophisticated dosimetry calculations became
possible. The quality of experiments on the ,biologi-
cal level“ was ensured by following the standards
recommended by the World Health Organization (WHO)
in its commissioning. Special emphasis is put on the
transparency and the critical discussion of study con-
tents and results promoted by the FGF. This is guar-
anteed by a competent and continuous project ac-
companiment, the documentation of results in final
reports, by public scientific colloquia on each experi-
mental study, by publishing the results in peer-re-
viewed special journals and presenting them in a com-
prehensible manner in the media of the FGF (News-
letter, Edition Wissenschaft, etc.). The above-men-
tioned expert workshops on current research topics
also contribute to this. The research results hence
are always made available for scientific discussion
and for general information. If possible, external ex-
perts are included in each phase of a project (defini-
tion of objectives, selection, study design, final eval-
uation).

Overview of single topics in research work
Looking back, there were four topics in the aforemen-
tioned four phases of FGF research activities, which

were investigated in several phases from different
perspectives, as well as five topics that were in the
focus for a shorter time.

The following four topic were being investigated over
a longer period:

e interaction mechanisms of EMF

e effects of EMF on the central nervous system

e possible cancer-promoting effects of EMF

e possible genotoxic effects of EMF

Interaction mechanisms

The results of a project with artificial membranes
launched in the first years of the FGF’s research work
(bilayers) in the following led to intense discussion of
the topic of possible interaction mechanisms between
weak EMF and biological structures. The hypothesis
of the study was: if there is an interaction between
weak high-frequency fields of radio applications and
biological structures, evidence of it should be found
also in the model “artificial membranes* without these
effects being overlapped by natural processes of cells
and the whole organism, respectively. Hence it should
be possible to identify the molecular mechanism of a
potential interaction and to extrapolate it to complex
biological systems. The results of this first study were
supported by dosimetric analyses and calculations
and followed up in a literature study, a reproduction
study and an expanded study with polymer foils. A
final publication was submitted to a peer-reviewed
journal and shall be published in the near future.
Several literature studies and FGF workshops on this
topic provided the scientific background and offered
the possibility to discuss this fundamental issue on
the international level. The investigations of artificial
membranes to date are unique in their form.

Effects of EMF on the central

nervous system (CNS)

The effects of EMF on the human CNS as the most
frequently investigated topic were also examined in
FGF research. Seven experimental studies and six
literature studies and workshops, respectively, fo-
cussed on this important topic in the 15 years of the
FGF’s existence. First, the brain activity in the waking
state and the cognitive competence at exposure to
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EMF was in the focus of interest. Later corresponding
examinations were conducted during sleep — they were
among the first experiments of this kind. In 2002, a
series of contradictory or non-reproducible research
results on possible EMF effects on the CNS were
available. The FGF initiated another project investi-
gating the cognitive performance under special con-
sideration of the field modulation (pulsed/continu-
ous) and the exposed brain hemisphere. The effects
of UMTS fields on the human visual system and the
brain blood barrier were examined in FGF studies.
None of these studies observed field-specific effects
on the study objects. Nearly all studies on this topic
promoted by the FGF were published in peer-reviewed
special journals.

Cancer-promoting effects

Overall, three experimental studies on this topic were
conducted in the years 1993 to 1998. Two “in vitro*
studies examined the growth behaviour of human
leukemia cells, one “in vivo“ study investigated pos-
sible cancer development in mice. None of the stud-
ies could give evidence of cancer promoting effects
of EMF. In two other “in vivo“ studies in rats the
focus was also on pathological organic changes and,
hence, possible cancer development as well (1996,
1999). Evidence of cancer initiation at field exposure
was not found, either. For in-depth discussion of this
topic an FGF expert workshop titled ,Are RF fields
able to raise the risk of cancer?” took place in 2004.

Genotoxicity

The genotoxicity of EMF was considered during the
first phase of the FGF's research (1993-1996) as
one of the first topics. On the molecular level possi-
ble genotoxic effects of mobile radio fields (GSM 900,
1800) on biological molecules (DNA and proteins),
human cells as well as bacteria and viruses were
examined. No clear, reproducible effects were ob-
served. Own studies on this topic were not followed
up. But the topic of genotoxicity was discussed dur-
ing two workshops (2002, 2007) as well as — in a
broader sense — in a literature study and two work-
shops on gene expression and heat shock proteins
(HSP) (2003, 2004, 2005).
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Contrary to the above-mentioned topics, the following
five topics were observed over a shorter period:
e effects of EMF on cell membranes (1993-1997)
e impact of EMF on cardiac pacemakers (1993-1998)
e impact of EMF on the melatonin synthesis (1996-
1999)
e effects of EMF on the autonomic nervous system
(1997-2000)
e electrohypersensitivity (2001-2005)
Some of the first studies promoted by the FGF were
devoted to the topic of a possible effect of EMF on
cell membranes. This effect was examined via the
measurement of ion concentrations (calcium), mem-
brane currents and membrane potentials in cells of
animals and humans. None of the studies observed
field-specific effects.
On the level of medical devices calculations, meas-
urements as well as computer simulations of interfer-
ence voltages were conducted in a body model in the
first five years of the FGF research programme. The
question was whether there are interference effects
of high frequency EMF as are emitted by mobile radio
devices and television transmitters on cardiac pace-
makers. In the 2" phase the topic of “Effects of EMF
on the melatonin hypothesis“ was examined in form
of theoretical considerations (literature study “The
melatonin hypothesis“) and in three subsequent ex-
perimental investigations. The research plan was to
examine the melatonin hypothesis in the selected
object on three different biological levels, the level of
cells, organs and the living animal. Final conclusions
on these experiments are being prepared for scientif-
ic publication.
Possible effects of EMF on the autonomic nervous
system (ANS, the part of the nervous system control-
ling involuntary, often unconscious body functions,
e.g. digestion, heart rate, breathing, etc.) were close-
ly inspected over a limited time period in three sub-
sequent projects. The ANS had already been exam-
ined in the context of military applications, e.g. ra-
dar, but not in association with cm/mm waves, which
were used in emerging technical applications in the
civil sector (e.g. distance radar in vehicles). By pro-
moting corresponding projects, the FGF responded to
this gap of knowledge. Effects on the human ANS at
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This table is an overview of the number of ongoing projects promoted by the FGF per year and focal
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project of several years.

exposure to cm/mm waves could not be observed.
A project just recently finished was devoted to elec-
trohypersensitivity. It was the aim of this provoca-
tion study with volunteers performed under laborato-
ry conditions to investigate electro sensitivity at ex-
posure to simulated electromagnetic fields of a D net
mobile radio base antenna. There was no statistically
significant evidence that the volunteers sensed the
electrical field used in the experiment under the se-
lected laboratory conditions (completely shielded from
external electrical fields).

In another study, mentioned in the paragraph on “Top-
ics and the context of research work“, the develop-
ment of a novel test approach (project EPROS: Elec-
trosensitive Protected Sleep) was promoted in a pilot
study.

In view of the summary reports of different national
and international research programmes (DMF, Inter-
phone, WHO EMF-Project) that are soon to be expect-

ed, the FGF will increasingly devote resources to the
review, evaluation and mediation of research results
(science dialog, communication). Nevertheless it is
planned at present to continue the promotion of own
research (to a smaller extent) in order to maintain
own scientific competence. Emerging technologies
(e.g. RFID, WiMAX, etc.) may point the way.

The European Research Advisory Board (EURAB) re-
cently recommended that there be a conclusive ex-
change between science and society. The FGF will
continue to make a valuable contribution to this.

Dr. rer. nat. Wilma Dubois is biologist;
in the FGF she is responsible for
project accompaniment and research

monitoring.
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15 years

on biomedical
mobile

A story of success
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Fig. 1: Trend lines of the annual distribution of
960 publications on biological effects of EMF in
the frequency range between 0.3 and 3 GHz (UHF)
(red) and of 1446 investigations regarding the
power frequency (50 and 60 Hz, respectively)
(black) over the past 15 years.
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by Roland Glaser

It is worthwhile to take a look back at

the past 15 years of research on potential
health effects of high-frequency fields in
order to draw conclusions and perhaps
define new tasks. However, many of the
topics and hypotheses investigated over
the last 15 years have been identified
earlier, therefore a look at older publications
is inevitable. Most problems in the mean-
while were scientifically investigated and
solved as required. Yet gaps and unclarities
are repeatedly pointed out, generating
discussion and uncertainty in the public
sphere.

Even though the research on biomedical
effects of high-frequency fields has not
begun with the era of mobile phones3*,

the annual number of publications in inter-
national scientific journals is distinctly
increasing (fig. 1). In contrast, the number
of publications on effects of alternate current
low-frequency fields on biological systems
is decreasing after a maximum in 1998.



of research

effects of high-frequency
communication fields

or an endless story?

Of course, this trend is mainly caused by the increas-
ing relevance of the high-frequency issue as a conse-
quence of the wide distribution of mobile phones and
other forms of high-frequency data transfer. As a re-
sult, there was a corresponding reorientation of re-
search funds.

This paper is not focused on the quantitative analysis
of this situation but rather on the contents of re-
search and the results that have become available
over the past 15 years. This will be done exemplarily,
related to the main trends of the development.

One specific trait of this field are the extremely high
requirements to interdisciplinary competence — begin-
ning at the proper handling of elaborate field applica-
tion technology and dosimetry, knowledgeable experi-
ence in animal care and cell biology, knowledge of
biomolecular aspects, and finally resulting in medical
evaluation of the observed biological effects. Special
knowledge is required, associated with an urgent need
of interdisciplinary cooperation. Research in earlier
years often suffered from the fact that biologically
oriented working groups used primitive electronics,
whereas groups with technical background had a na-
ive understanding of biological concepts. Although
such dubious experiments are published even to day,
the faulty results of them making a huge splash, a

distinct trend to high-quality multidisciplinary research
has been observed over the last decades, which,
increasingly, is based also on multinational coopera-
tion.

The development of application
systems and dosimetry

While there is no difference regarding biomedical anal-
ysis techniques in investigations between low-frequen-
cy and high-frequency EMF, the technical requirements
are much higher regarding the RF range. Biological
experiments in the GHz range require considerable
technical and thus also financial expenditure, begin-
ning with generators, via amplifiers up to defined
transmission systems in a anechoic environment. It
is not sufficient to place a mobile phone near a Petri
dish, as, unfortunately, is done sometimes even in
recent publications (e.g. 25, 79, 80, 99). Experimen-
tal data can only be taken seriously in research to-
day, if technically accurate application conditions and
a corresponding dosimetry are used.

There are several cases in the reporting period, where
there was no evidence anymore for originally found
biological effects in repeat studies after correction of
application conditions. As an example, we should
mention the investigations on the nematode Caenor-
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habditis elegans. There was no evidence anymore of
the expression of a heat shock protein (Hspl16)
(termed “non-thermal“) at SARs of 1 mW/kg!" after
correction of the application system?®. The — correctly
measured — effect was caused by heating of the ex-
tremely temperature-sensitive animals. Also the spec-
tacular findings regarding tumor promotion at expo-
sure to 900-MHz fields in transgenic mice®* had to be
revised after the method of field application had been
made more precise®s.

In both cases, the working groups themselves re-
vised their results. Unfortunately, these are excep-
tions. Mostly the results of one laboratory are denied
by repeat studies of others. This frequently is inter-
preted as a case of conflicting opinions by outsiders.
At best, a philosophical thesis can be “refuted”“. An
experimental finding can raise doubts, if it is not
reproducible, but it cannot be “refuted”. It is only the
evidence of methodological errors, as far as they can
be recognized at all from the publication of results,
that can explain the fruitless attempts to replicate an
experimental finding and enhance the probability that
the result is wrong. In spite of that — and unfortunate-
ly, there are many examples for that — faulty meas-
urements frequently are used argumentatively by
some campaigners. The neglect of methodological
diligence still is a major source of false conclusions?e.
Unfounded concerns of citizens are repeatedly caused
this way, intensified by corresponding press cam-
paigns.

Accurate knowledge through the use of

modern biomedical analysis techniques

Of course there is clear methodological progress not
only regarding RF technology, but also concerning
methods of biomedical analysis. While the former
has to be seen mainly as the use of already existing
technical knowledge for the development of applica-
tors and dosimetric methods, bioelectromagnetic re-
search directly profits from the rapid development of
biomedical techniques in general.

Examples are the development of HTS technologies
(High Throughput Screening Technologies), a group
of methods in biomolecular analysis allowing to get
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a huge number of biomolecular data from smallest
samples®2in very short time. However, great diligence
regarding the statistical verification of results is re-
quired here as well. Premature conclusions regarding
the possible expression of stress proteins and their
potential cancer risk® had to be withdrawn later®: 48 94,
Only precise knowledge about the physiological varia-
bility of these complex parameters, associated with
the conduct of positive controls allow to correctly
interpret possible alterations in the exposed system.
The fast determination of a large amount of data
alone is not sufficient.

In this context also the discussion about the experi-
ments should be mentioned, where it was concluded
that DNA damages in human fibroblasts?°were caused
by RF fields near the upper limit. The authors of this
paper referred to results obtained by the so-called
comet assay, an electrophoretic test routinely used
for the detection of DNA strand breaks. This test,
especially if the evaluation is made manually and not
automatically as in these experiments, is not per se
sufficient for drawing far-reaching conclusions. It also
indicates aberrations in the regular cell cycle®s. Con-
clusions could only be legitimized by evidence of oth-
er consequences of this process. Attempts to repro-
duce the results by means of an improved technique
had no result®.

The investigation of possible effects of high-frequen-
cy electromagnetic fields on the cognitive perform-
ance of humans, their reaction time, but also their
sleep behavior, profited a lot from the general devel-
opment of neurophysiology and its methods. On one
hand, this concerns EEG measurements, but also the
possibility to make blood flow alterations visible by
means of Positron Resonance Tomography (PET)%% 52,
Unfortunately, by technical reason, many of those
methods can not be used during RF exposure“.
Surprisingly, many of such investigations show unre-
producible effects. In some cases, the research
groups failed to reproduce their own results (e.g.
Roschke® versus Wagner®’; Eulitz?* 3° versus Hamb-
lin%%). In contrast to the examples above mentioned
however, in most cases this does not seem to be a
result of technical lacks or of lacking diligence of the



experimenters, but are caused by the system behav-

ior itself. The conclusion was that not the exposure
of a mobile phone base station near by, but some-
times the fields of a mobile phone at the ear can
affect the brain. This influence however, obviously
depends on the physiological state of the volunteer
and keeps within neurophysiological day-to-day varia-
tions. Initial allegations that such measurements
would show adverse health effects®® are untenable,
though. Nevertheless the mechanisms leading to such
effects should be checked. Krause et al.® assume
that responses to a slight cortical heating were be-
hind this effect,

blood flow, as measured by PET®:. Obviously, the sen-

indicated also by local changes in

sitivity of the system of physiological thermorecep-
tion is still underestimated®s.

The road of epidemiological research
There has been a distinct increase in the number of
epidemiological studies on possible effects of mobile
radio fields over the last years, which, of course, is
also due to the rapidly increasing use of correspond-
ing devices. At the same time, there is also a clear
trend to concretize results and eliminate wrong deci-
sions.

Epidemiological studies on possible health conse-
quences of high-frequency field exposure began by
observation of occupationally exposed persons, like
radar and flight
staff, especially in the military sector. So the study

workers for broadcasting stations,

of Szmigielski®? on alleged cancer cases in the Polish
military due to field exposure, which was discussed
very intensely and controversially. Surveys on occu-
pational exposure to RF fields however did not show
a clear association, mainly due to the lacking dosim-
etry as well as the different and, in part, very strong
confounders, i.e. the influence of other specific occu-
pational agents?t? 22 23. 55,

It was only in the nineties that studies on the possi-
ble consequences of high-frequency exposure of the
population were published. For example, a possible
association between child leukemia and the vicinity of
radio and television towers was investigated?*- 4% 6% 70,
Rothman et al.® for the first time stressed the need

L
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for epidemiological investigations of a possible link
between RF exposure and brain tumors, at the same
time pointing out the methodological problems of this
endeavor.

It was only at the end of the nineties that epidemio-
logical research directly focused on potential effects
of mobile phones. The first case-control study on a
possible association with the occurrence of brain tu-
mors probably is that of Hardell et al.*® from 1999. In
the subsequent years some other case-control stud-
ies were published, but they did not allow to draw
distinct conclusions#? 43:54.72.74.75. 100 Moreover there
were publications addressing the lack of physical well-
being and other general symptoms related to living in
the vicinity of mobile phone base stations” ¢ . These
studies, however, often had serious methodological
flaws.

A comprehensive summary of the situation was com-
piled by five members of the ICNIRP Standing Com-
mittee on Epidemiology®. They concluded that, until
2004, epidemiological findings did not provide con-
clusive and convincing evidence for a causal associa-
tion between exposure to high-frequency fields and
any serious health damage. At the same time, possi-
ble sources of error were pointed out both regarding
statistics and dosimetry. Repeatedly, there is the prob-
lem of small numbers. If only about an average of 10-
15 persons out of 100,000 per year get a brain tu-
mor, this, naturally, is not sufficient for a statistically
verified survey. Another problem are the so-called
“confounders”, the wealth of mostly not detected and
often not detectable causes of health disturbances
our modern environment is known for.

All this critique has led to a clear improvement of new
epidemiological surveys, partially using the data of
cancer registries®® 5 67. 68 The investigations of re-
cent years are remarkable insofar as the internation-
al cooperation led to an increase in case numbers.
An example is the INTERPHONE study involving 13
countries.

Though none of the studies so far has been able to
give evidence of an influence of mobile communica-
tion base stations or mobile phones on well-being or
health, nearly all of these publications end by stating
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that “further investigations are necessary“. This may
be due to the principal uncertainty of all findings, but
also the concerns still existing over longterm effects,
although we are better able today to identify faults
and give recommendations on the type of research to
be done™: 87 %,

Models and hypotheses on possible
biophysical interaction mechanisms of
high-frequency electromagnetic fields
Others already reported in depth on primary process-
es of high-frequency electromagnetic field effects34.
Here, the developments of the last two decades shall
be outlined and tendencies shall be made visible.
“Hypotheses non fingo“ — (I don’t invent hypotheses)
Newton said, thereby pointing out the relation be-
tween experiment and theory. In EMF research, this
relation is obvious: Alleged field effects repeatedly
encouraged biophysicians to think about mechanisms.
On the other hand, new experiments were stimulated
by theoretical models. This interaction between theo-
ry and experiment results either in a spiral, asymptot-
ically approaching the point of reality or, if objective
reality does not support the theory, an endless cycle,
which gradually peters out.

In the case of dielectrophoresis and electrorotation
there was a spiral of success: experiment and theory
led to insights that have their firm place today in
biotechnology®' 3. These two non-thermal processes
of polarization caused by high-frequency fields how-
ever require field strengths, several magnitudes above
the legally prescribed limits, and therefore are with-
out relevance for the topic of this contribution. Unfor-
tunately, the research on lower-intensity RF fields
points in the other direction at present. This may be
illustrated by two examples.

The first example is connected with the “cyclotron
resonance” hypothesis of A. R. Liboff, first referring
to the interaction of the static magnetic field and low-
frequency EMF®3, later also to low-frequency modulat-
ed RF fields. The experiments of the laboratory of
Ross Adey, due to which high-frequency fields (147
MHz) affected the calcium metabolism of the brain, if
they were modulated with 16 Hz® 1°, were especially
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spectacular. Already in 1982 however, Merritt and
Shelton™ had denied the findings of this group as
being methodologically flawed and unreproducible.
The impact of modulated high-frequency fields on the
calcium signaling pathway in lymphocytes postulated
by Bawin and Blackman could not be reproduced?s.
The hypothesis in the meantime was shown to be
unrealistic, not only in experiment, but also physical-
lyt. Independent of this, it became clear that low-
frequency cannot be the result of a demodulation of
high-frequency fields by the biological system?. So
this approach, promoted by many publications, pe-
tered out. The Bawin publication is still sometimes
cited uncritically by certain outsider groups, if them
seems useful.

The second example relates to the theory of coherent
excitation of H. Fréhlich, to whom a special symposi-
um was devoted in 1982 in Bad Neuenahr.*® This
theory and their predicted sharp resonance windows
in the GHz range could neither be verified in experi-
ment nor theoretically®® 37, despite initial experimen-
tal evidence®s.

Related to these concepts are also the tests of T.
Litovitz, who postulated a ,coherence time*, a short
time that was needed to adapt the low-frequency co-
herence at HF-modulations in the biological system®®.
He still insisted on his concept of the impact of low-
frequency window effects’® 8 on ornithine decarboxy-
lase (ODC), even after all attempts of other laborato-
ries to reproduce this had failed [e.g.?] (especially on
this controversy sees? %),

Decisive progress made in the past decade is reflect-
ed in the statement — which was experimentally and
theoretically confirmed - that there can be no reso-
nant energy accumulation of high-frequency oscilla-
tions due to the strong viscosity reducing effects in
the watery milieu? 3 12.26.82.:83_ Thys the arguments for
the existence of sharp frequency windows of high-
frequency effects do not apply anymore either.
Neither the originally suspected induction of calcium
signals nor the ODC findings?!® 4550 |
alleged changes in the melatonin metabolism#4: 90 102

nor the initially

could be confirmed. Many of these findings were based
on the methods of fluorescent microscopy. It is often



overlooked that the cells are sometimes exposed to
UV radiation here, producing clearer effects than high-
frequency fields®.

In recent years, an influence of high-frequency EMF
on the complicated system of the elimination of reac-
tive oxygen species (ROS) of the cellular metabolism,
suspected already in 1985°%, has been controversial-
ly discussed again?® 295760, 78, 88,102 There js no plau-
sible biophysical mechanism supporting this hypoth-
esis. The future will show whether the measurements
can be verified or whether those will be right who see
the biological variability of this system and the uncer-
tainty of the analysis technique as the cause of to-
date findings.

Summing up this paragraph, the conclusion must be
that the 15 years of this reporting period were a time
of clearing up unrealistic hypotheses. Recalling New-
ton’s “Hypotheses non fingo“, the question is al-
lowed: What undeniable experimental effects do still
require a biophysical explanation today?

“Non-thermal“ or “subtle thermal®
effects?

When looking at the neurological measurements ini-
tially listed, including their variability, as well as the
repeatedly published results on the occurrence of
heat shock proteins®® °!, one comes back to thermal
effects of high-frequency fields, even if they are not
always measurable as a temperature increase. It
seems very clear regarding heat shock proteins, as
many recent findings show, that this cellular response
in fact can be expected only when thermal stress
occurs#?: 8. 98,

The term ,non-thermal effect® has a populist under-
tone, as it suggests that there were secretive, still
undiscovered adverse health effects of electromag-
netic fields, not having been considered in the set-
ting of limits. Laypersons can be easily convinced
that electrical oscillations may attack all kinds of
charges, thereby causing unimaginable damage in
the biological system. But the problem are not these
effects per se, which undeniably exist, but rather the
dosimetry and the question whether these oscilla-
tions disappear to the noise and unspecifically dissi-

-]

pate to heat, i.e. eventually are “thermal”, or wheth-
er these smallest amounts of energy could have
specific biological effects before their dissipation.
This question is as old as the research on the impact
of electromagnetic fields itself, going back to the end
of the 19" century®. The past years have greatly
contributed to clarification through scientific publica-
tions and, especially, through discussion during spe-
cial conferences.

Initially we reported that some “non-thermal” effects
disappear after correction of the application system,
because they were just the results of uncontrolled
heating. But even when neglecting the results of pub-
lications providing evidence of heating effects or at
least corresponding suspicions, a number of findings
remain which are not as easily explained by measura-
ble heating. Progress made in the field of thermosen-
sitive ion channels and so-called “riboswitches“ how-
ever has shown in the past decade that, in many
cells, these molecular thermometers respond so sen-
sitively in certain temperature ranges, possibly re-
leasing biochemical signal chains, that macroscopi-
cally changes in temperature are not measurable?” 33,
The result of such responses can be both special
protein expressions, as well as local changes in
blood flow, which could lead to measurable altera-
tions in the EEG. As these responses however are
also dependent of different other physiological pa-
rameters, the difficulty to reproduce these neurologi-
cal effects becomes clear.

Hence “non-thermal” effects really are to be termed
»Subtle thermal®, i.e. minimal thermal day-to-day ef-
fects. They even occur when a man is sweating on a
summer day, enjoying the relaxing warm water of a
shower, or his thermoregulation is otherwise activat-
ed. Of course, the biophysicist is interested in each
effect of high-frequency fields on the biological sys-
tem for which there is clear evidence, the radiation
protection scientist on his part must notice only influ-
ences which are health-relevant. The statement of
Bernhardt published already in 1999 was corroborat-
ed®: “A possible pathological relevance of to-date avail-
able reports on so-called non-thermal effects is pure-
ly speculative at present.”
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Conclusions

It seems obvious to come to the following statement:

“The problem is solved. Science has proved that there

are no adverse health effects of mobile communica-

tion fields within legal limits.“ — Unfortunately, this is
true only to a certain extent: science cannot prove
the non-existence of a process or phenomenon. So,
the conclusion would have to be: “Last decade’s re-
search, could clear up many errors regarding effects
of high-frequency fields, and despite global efforts to

date no reproducible evidence could be found for a

health risk from these fields within valid limits.*”

As EMF is no agent which concerns only a minor

percentage of the population, but each citizen of the

civilized world is exposed to nowadays to a different
degree qualitatively and quantitatively, we cannot be
content with this conclusion.

The following activities in this field seem of future

relevance to the author:

e The technical application of high-frequency fields
is developing rapidly, thus qualitatively und quanti-
tatively increasing the general exposure. Although
narrow window effects for special frequencies and
intensities of high-frequency fields could not be
found until now, certainly different interaction mech-
anisms can be expected for the broad frequency
range of 0.1 to 10 GHz at greater intensities. This
results in the obligation to reassess all technolog-
ical innovations regarding health consequences of
applied intensities, frequencies and modulations
and, possibly, initiate new research projects in or-
der to exclude potential health-relevant effects.

e The quantitative increase in the number of scien-
tific publications shown in fig. 1 requires greater
attention. As repeatedly experiments are published,
which were performed without reliable dosimetry,
double-blind evaluations and positive control, i.e.
which are of lacking quality regarding modern tech-
nology and therefore are often faulty, attentive
quality control is required. Unfortunately, there are
many examples for results of superficial experi-
ments or flawed performance of experiments that,
accentuated by the press, led to spectacular reac-
tions in the public. Research projects worth mil-
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lions were needed, eventually failing to disqualify
these results, even if they were not confirmed and
sources of error were pointed out. Permanent con-
trol and instruction are needed to prevent this.
Diligent observation of research activities and a
well-coordinated international cooperation are a
means to this end.

e |t is an important and continuing task to counter
unfounded concerns of citizens over possible dan-
gers of high-frequency fields by objective informa-
tion. In this respect it is even important to check
the above-mentioned effects, which really are with-
in day-to-day alterations without any health-rele-
vance. Only by knowing the mechanism of such
day-to-day effects a scientific extrapolation and as-
sessment of exposures in general can be done.
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There are now more than 30 original publications
in the scientific literature on the question whether
the use of mobile phones increases the brain
tumour risk. The results regarding short-term and
moderate use of mobile phones are relatively
clear. Obviously, an association with brain tumour
risk can be excluded. The situation is not so clear
regarding long-term use of mobile phones over ten
or more years. However, evidence against a strong
increase in risk is growing. As even very large
studies include only cancer patients, which were
diagnosed in 2003 or before, the proportion

of long-term users (especially of the GSM tech-
nology) is small in both the completed and the
ongoing studies, especially if risks of subgroups,
e.g. tumours in the lateral areas of the brain, are
to be investigated. Methodological limitations of
the studies conducted so far need to be dis-
cussed. This topic poses a special challenge, as
the survey of mobile phone use is complicated
and even if it is obtained with certain reliability,

it is still only a proxy of the actual exposure of
interest, namely radio frequency electromagnetic
fields. Moreover the disease to be investigated

is very serious, often associated with a restriction
of cognitive abilities in the patients. A
comprehensive prospective study in the sense

of an active surveillance system offers the possi-
bility to accompany the wider distribution and

the newly emerging technologies in mobile tele-
communication under health-relevant aspects.



of epidemiological studies

research

Epidemiology — a definition

Epidemiology deals with the spatial and temporal dis-
tribution of diseases in the population and the fac-
tors that have a causal influence on it. It thus com-
prises both the description of disease incidence (de-
scriptive epidemiology) and the search for causes
(analytic epidemiology), mainly in the framework of
observational studies. The aim is to identify risk fac-
tors and contribute to the prevention of diseases.
The strength of epidemiological studies is that they
capture real situations, i.e. the exposure is investi-
gated under the conditions of everyday life in per-
sons who actually are exposed. Some human experi-
ments cannot be performed in laboratory studies and
the extrapolation of observations in cells or animals
to humans is not always possible. Moreover epidemi-
ological research has the advantage that the rele-
vance of an effect can be assessed on the level of
the whole population. The observational character of
epidemiological studies, however, has also disadvan-
tages insofar that the researcher cannot control the
study conditions. Therefore spurious associations can
appear in epidemiological studies, e.g. by false cor-
relations via third factors (confounders) or inappro-
priate group comparisons.

The evaluation of epidemiological evidence is per-
formed under different aspects: the strength of the
observed association, the consistency of results within
a study and across different studies, the occurrence
of a dose-response relationship as well as the biolog-
ical plausibility of results (criteria as given by Hill,
1965). A special problem in the interpretation of ob-
served associations arises when epidemiological find-
ings are not supported by experimental studies. One

reason could be that epidemiology is an early indica-
tor for an association, which is uncovered in labora-
tory studies because the underlying mechanism is
unknown, or was not modelled correctly. Another rea-
son could be that the empirically observed associa-
tion is not causal. Epidemiological and experimental
studies supplement each other and should always be
discussed together.

Studies on mobile phones

and brain tumours

There are now more than 30 original publications on
the question whether mobile phone usage increases
the risk of brain tumours, even after leaving out nu-
merous letters and reviews regarding the topic. These
publications can be subdivided into four groups (ta-
ble 1). The first group comprises the studies pub-
lished around the turn of the century, which were
independent case-control studies from the USA and
Scandinavia, performed in patients ascertained al-
ready in the nineties, i.e. the percentage of persons
with mobile phone usage of more than five years was
low. In summary, these studies provided no evidence
that short-term mobile phone use is associated with
the brain tumour risk. The second group is a series
of case-control studies performed in parts of Sweden
(three subsequent studies using the same methodol-
ogy), which were published several times under par-
tially different aspects. In a review paper by the re-
search group who conducted these studies, a strong
association between both mobile phone use and the
use of cordless phones with the brain tumour risk
was reported, which was most pronounced for high-
grade gliomas and acoustic neuromas, but was also
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found for low-grade gliomas and meningiomas. In
these studies an increased risk was observed with
long-term and more frequent phone use, but statisti-
cally significantly increased risks were also seen at
rather moderate use patterns, i.e. already at life-time
cumulative mobile phone usage between 1 and 43
hours. The third group is the so-called “Interphone
study”, an international case-control study involving
16 centres in 13 countries. Beside Germany, the par-
ticipating countries were Australia, Canada, Denmark,
Finland, France, Great Britain, Israel, ltaly, Japan,
New Zealand, Norway and Sweden; approximately
1-hour interviews with 2765 glioma patients, 2425
meningioma patients, 1121 acoustic neuroma pa-
tients and 109 patients with malignant salivary gland
tumours as well as 7658 control persons were con-
ducted. All centres worked in accordance with an in-
ternational study protocol, which allows joint analy-
ses when the study will be completed. This pooled
analyses and the large study size also allow to gain
insight into possible risks among subgroups of pa-
tients, e.g. according to the type of the tumour and
its localization; the latter is important because, due
to the low penetration depth of radio frequency elec-
tromagnetic fields emitted by the phone, it is conceiv-
able that an increase in risk can only be found in
tumours located in the lateral area of the side of the
head where the phone was held. In the meantime,
more than one half of the data from the Interphone
study have been published, including the studies from
four Scandinavian countries, from Great Britain, from
Japan and Germany. They confirm the results of the
first group of no association with short-term use and
contradict the second group, which has found that
even short-term mobile phone use increases the risk.
The results for the group of long-term users (ten years
or longer) are still unclear. There is evidence of an
increased risk of acoustic neuroma from Sweden, of
an increased risk of glioma from Germany, keeping in
mind that combining all published Interphone compo-
nents weakened these single findings. The results of
the joint analyses need to be awaited before drawing
further conclusions. The fourth group is formed by a
study of different design (cohort study). In a Danish
study the entire adult population was divided in two
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groups, into those who had their first mobile phone
contract in their own name between 1982 and 1995,
and into all others. Cancer incidence rates were cal-
culated for these two population groups using the
Danish Cancer Registry. The incidence rates for brain
tumours, leukemias, eye and salivary gland tumours
were not increased in the early mobile phone owners.
Due to the rather rough division into exposed and
unexposed persons, a moderately increased risk can-
not be excluded in this type of study, but having
missed a substantial risk increase is very unlikely.
Hence, the results do contradict the observed increase
in risk of the second group. For a discussion of these
studies and their evaluation please refer to a recent
opinion statement of the European Union (download
is for free from the internet [1]). A short review in
German was recently published by the Deutsches
Arzteblatt [2]. In the following, the methodological
challenges of these studies will be examined in more
detail.

Case-control studies —

advantages and disadvantages
Case-control studies are based on the comparison of
two groups of persons (fig. 1). The group of cases are
the persons who have the target disease of the study
and they are retrospectively examined for the occur-
rence of the possible risk factors of interest. A con-
trol group of persons without the disease is exam-
ined likewise. The direction of the investigation is
always retrospective (the starting point is the dis-
ease), regardless of the fact whether the case identi-
fication was retrospective as well (the diagnosis was
made prior to the beginning of the study; prevalent
cases) or prospective (after the beginning of the study
over a defined time period newly diagnosed cases
are included in the study; incident cases). A prospec-
tive recruiting of patients is necessary for outcomes
with poor prognosis. Case-control studies are based
on one or few diseases, but a great number of poten-
tial risk factors are examined. Despite some disad-
vantages, case-control studies are very common in
the epidemiology of chronic diseases, especially for
rare outcomes. The conduct of case-control studies
is usually shorter than that of cohort studies and
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Figure 1: Overview of the designs of cohort studies and case-control studies

their sample size is smaller (see “The Danish cohort
study — advantages and disadvantages*®). Difficulties
of case-control studies are the recruiting of repre-
sentative samples and the quality of the retrospec-
tive exposure assessment.

For exposure assessments based on questionnaires
the contact with the participants is necessary and
prior to the interview participants need to sign in-
formed consent. While the willingness to participate
is usually high in the “case” group, many refusals will
appear in the “control” group, despite of intensive
persuasive efforts. An example for this is the Inter-
phone study component in Germany, where, despite
several invitation letters, the provision of comprehen-
sive information material and manifold personal con-
tacts, a participation rate of 62 % was reached; this
was a convenient response rate for a case-control
study, but still means that each third potential volun-
teer randomly selected from population files, could
not be persuaded to cooperate [3]. The low willing-
ness to participate becomes a problem if it is sys-
tematic, and there is often an education gradient
regarding the willingness to participate. This educa-
tion gradient again correlates with life style factors

and occupational exposures, which can result in dis-
tortions regarding these factors in risk estimation. A
short questionnaire with non-participants used for In-
terphone (answered by about half of this group)
showed a deficit of participants without mobile phone
[3] that may have resulted in a bias towards a spuri-
ous protective effect.

Epidemiological studies often aim at exposures that
happened years in the past, and the assessment of
such exposures via questionnaire is another crucial
disadvantage of case-control studies. First, because
it is generally difficult to recall past events; e.g., the
first question on mobile phone use in Interphone was
when (year and month) regular mobile phone use be-
gan, defined as at least one call per week over a
period of at least half a year. Second, because the
disease itself affects the memory abilities. A valida-
tion study within Interphone [4], where network traffic
data were compared to self-reported data of volun-
teers, showed great deviations even regarding cur-
rent usage. On average, participants overestimated
the length of phone calls by 40 %. When such report-
ing errors are equal in cases and controls, it is ex-
pected to lead to an underestimation of risk. A spuri-
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ous risk is produced when patients tend to overesti-
mate more strongly than the control persons; a bias
often observed in case-control studies.

Already in the first case-control studies on mobile
phone use, the questions regarding the side of the
head to which the mobile phone was usually held
where identified as problematic. The association ob-
served in many studies with ipsilateral use (preferred
side of the head during usage is the side of the head
with the tumour) was balanced by a protective effect
on the contralateral effect [e.g. 5 and 6]. In the joint
evaluation of Interphone this will be taken one step
further. The affected side of the head will be subdi-
vided into smaller areas according to exposure inten-
sity: if the ipsilateral effect is equally strong for all
areas (like frontal, temporal and occipital), this rath-
er indicates evidence of an interview artefact, but if it is
stronger for areas with higher exposure (temporal and/
or parietal), it may indicate a causal association.

The Danish cohort study —

advantages and disadvantages

The basis of a cohort study is a population of non-
diseased persons, which is divided into two or more
groups according to the exposure of interest (figure
1). After a defined follow up period, the disease inci-

dence rates are compared across these groups. Of-
ten also a cohort of exposed persons is created,
whose disease incidence rate is then compared with
that of the general population. The direction of the
investigation is always prospective (the starting point
is the exposure), regardless of the fact whether the
entire study was planned prospectively, i.e. the co-
hort is set up at the beginning of the study, or wheth-
er it is a historical cohort study. A historical cohort
study is possible when data from the past are availa-
ble, which retrospectively allows the reconstruction
of cohorts. Cohort studies comprise few risk factors,
but allow the examination of a great number of dis-
eases potentially associated with these risk factors.
The etiologically adequate direction of cohort studies
makes them the type of study with the greatest pow-
er. As exposure is obtained prior to the disease, the
assumption of a causal relation is stronger than in
case-control studies. In spite of that, prospective co-
hort studies are an exception in the epidemiology of
chronic diseases. The reason for that is the great
expenditure. A very large cohort has to be formed for
rare diseases and the follow up has to be done for a
very long time period.

This aspect is an advantage of the Danish concept
[7]. Based on customer data of all Danish network
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Figure 2: Spurious associations produced by a third factor: due to the correlations between early mobile

phone ownership (1985) and income and between income and smoking behaviour, the proportion of

smokers was lower in the cohort of mobile phone owners than in the rest of the population; hence,

mobile phone ownership displayed a false protective effect on the risks of diseases associated with

smoking.
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operators, a cohort of 420,000 adult Danes was set
up comprising mobile phone owners between 1982
and 1995. This cohort was followed up to 2002 and
the cancer incidence rates of the cohort were com-
pared with the rates of rest of the Danish popula-
tion. Thus, the study is maximally representative for
Denmark (the whole country was included) and has
a maximal length with respect to the study period
(up to 21 years), even when the average usage was
only 8.5 years and the percentage of mobile phone
owners of ten and more years was just 56,000 per-
sons. A disadvantage is the rough categorization of
exposure. The person with the mobile phone con-
tract is not necessarily the mobile phone user, on
the other hand there are users who have no con-
tract in their own name (family members or contracts
in the name of the company). The Danish study has
no information on prepaid phones and whether car
phones or handsfree kits or speakerphones were
used. Moreover the exposure cannot be divided ac-
cording to the frequency of use, therefore rare us-
ers and intense users are in the same exposure cat-
egory. All these disadvantages can lead to an un-
derestimation of risk, if any. If an association would
have been observed in this study, it could not be
explained by these restrictions. But an inconspicu-
ous finding could mean that there was no associa-
tion or that a moderate increase in risk has been
missed. An evaluation of the quality of the exposure
measure [8] shows that, with the Danish concept, a
hypothetical increase in risk by 50 % would have
been measured as a 20 % increase.

If the correlation of exposure proxies (here: purchase
of a mobile phone contract) and the exposure of in-
terest (here: mobile phone field exposure) is only
moderate, the possible role of confounders, which
are factors that correlate with the exposure and the
disease risk as well, becomes important. The Danish
cohort study can, via the purchase of a mobile phone
contract, with a certain validity make a prognosis on
smoking behaviour, because the cohort of contract
owners had a high income and among Danish men
high income correlates with smoking behaviour (fig.
2). Cancer types associated with smoking were ob-
served less than expected in the cohort, falsely sug-

gesting a protective effect of mobile phones on e.g.
lung cancer. In women, smoking is not associated
with high income and the lung cancer rate in the
cohort is therefore not lower than expected. Method-
ologically, these observations support the strength
of the design. But an evaluation of the brain tumour
risk associated with mobile radio is only possible
since smoking and other life style factors are no
confounders in this context.

The solution to the problem

A number of outlined problems could be solved with
the help of prospective cohort studies. An interview
of participants prior to the occurrence of the disease
avoids the disease affecting responses in an inter-
view. This would be crucial especially regarding the
question for the side of the head preferred during
mobile phone usage. In addition, also data of net-
work operators could be collected prospectively, which
would objectify the frequency of use. In the interview
also data on competing risks could be collected, so
that diseases can be examined, where life style is
known to have a great influence on the risk profile.
For the investigation of rare diseases a large cohort
is required. Estimates suggest about 250,000 per-
sons, so such studies would have to be conducted in
a multinational approach to share the burden. This
concept of prospective cohorts was piloted in some
countries and the design was optimized. Under the
heading Cosmos (COhort Study on MObile phone us-
erS) the project starts this year in Denmark and next
year in Sweden and England. While participation is
still considered in Finland and the Netherlands, the
project was cancelled in Germany after the end of the
feasibility study. Whereas the feasibility of the con-
cept was also successfully demonstrated in Germa-
ny, the willingness to participate in a pilot study was
very low (piloted with 5000 volunteers). The resulting
costs for establishing a cohort in Germany have per-
suaded the Federal Government to withdraw from the
project.

The Cosmos study can also be seen as a tool of
surveillance. Emerging questions can be answered
faster and more efficient than when each issue would
require an own new study. Other diseases than can-

15th anniversary of FGE 372007 NA¥%er| 33



15th anniversary of FGF

Author + Journal country

brain tumors
group 1 (early case-control studies)
Hardell [6]? Sweden (part)

Muscat, JAMA, 2000 USA (part)
Inskip, N Engl J Med, 2001 USA (part)
Auvinen, Epidemiology, 2002  Finland

group 2 (case-control study series from Sweden)
Hardell [6]? Sweden (part)
Hardell [9]° Sweden (part)

group 3 (Interphone case-control study))
Lonn, Am J Epidemiol, 2005° Sweden

Christensen, Neurology, 2005 ¢ Denmark

Hepworth, BMJ, 2006 ©
Klaeboe, Eur J Cancer
Prev, 2007°¢
Lahkola [5]°

Great Britain (part)
Norway

Denmark, Finland,
Norway, Sweden,
Great Britain (part)

Schiiz [3] Germany

group 4 (Danish retrospective cohort study)

Johansen, J Natl Cancer Denmark
Inst, 2001¢
Schiiz [7]¢ Denmark

acoustic neuromas

group 1 (early case-control studies)

Hardell [6]? Sweden (part)
Muscat, Neurology, 2002 USA (part)
Inskip, N Engl J Med, 2001 USA (part)

group 2 (case-control study series from Sweden)
Hardell [9]° Scheden (part)

group 3 (Interphone case-control study)

Christensen, Am J Epidemiol, Denmark
2004¢

Lénn, Epidemiology, 2004¢ Sweden
Klaeboe, Eur J Norway

Cancer Prev, 2007¢
Schoemaker [10]° Denmark, Finland,
Norway, Sweden,

Great Britain (part)

Schlehofer [11] Germany
Takebayashi, Occup
Environ Med, 2006 Japan

group 4 (Danish retrospective cohort study))

Johansen, J Natl Cancer Inst, Denmark
20014
Schiz [7]¢ Denmark

# exposed
cases#

78

66

139

40 NMT, 16
GSM

NMT Gliom
GSM Gliom
NMT Mening.
GSM Mening.

214 Gliom

118 Meningeom
59 Gliom (high)
47 Gliom (low)
67 Meningeom
508 Gliom

161 Gliom

96 Meningeom
867 Gliom

138 Gliom
104 Meningeom

154

580

22

NMT
GSM

45

89
360

29

51

7

32

RR (KI)

[elielelclcl Nelcle)
0 00O ©WF O~ 0

OCO0OO0O00000O0o
~NO 00O RO

ororErNOOR
O, OPFP WO WWYo

1,0 (0,8-1,1)

1,0 (0,9-1,1)

0,8 (0,1-4,2)

1,0 (0,5-1,9)

0,7 (0,4-1,2)

0,7 (0,4-1,2)

0,6 (0,3-1,3)

0,7 (0,5-1,0)

definition

> 5 years
> 4 years
> b5 years
> 2 years

> 10 years
> 10 years

I\

10 years

v

10 years

10 years

>
> 6 years

> 10 years

> 10 years
> 10 years
> 5 years

> 10 years

3 years

>
> 5 years

> 10 years

> 10 years

> 10 years
> 6 years

> 10 years

> 5 years

> 8 years

longterm
exposure t

17 NMT, 1 GSM

16

NMT Gliom

GSM Gliom

NMT Meningeom
GSM Meningeom

25 Gliom

12 Meningeom
8 Gliom(high)
6 Gliom(low)

6 Meningeom
66 Gliom

55 Gliom

28 Meningeom
88 Gliom

12 Gliom
5 Meningeom

24

28

NMT
GSM

oOroOORrRPROOO
OhvNLvo®uo®

Soocococococoo
Nobrowbhbho

PNRPROORRR
YRR CARS] © ©

1,0 (0,7-1,6)

0,7 (0,4-1,0)

0,5 (0,2-1,3)

0,8 (0,2-2,7)

2 idential with the first study from group 1, therefore only > 10 years result taken for group 2
° taken from a review of the working group in 2006; the original results are presented in more than a dozen publications of Hardell et
al., partially with the same study population; according to the authors, three subsequently performed case-control studies
¢ the glioma results of Lonn, Christensen, Hepworth and Klaeboe are pooled in Lahkola [5] (together with Finland that has not published

separately)

9 Schiiz [7] is the publication on the expanded follow-up of the Danish cohort of Johansen (2001)
¢ the acoustic neuroma results of Lonn, Christensen and Klaeboe are pooled in Schoemaker [10] (together with Finland and Great Britain

that have not published separately)

Table 1. Overview of epidemiological studies on mobile phone usage and the risk to get brain tumours

(adapted and expanded from [1]); shown are groups according to the text, the references, the country,

where the study was perforemd, the number of exposed cases with the estimated relative risk

(incl. 95 % confidence interval) for overall mobile phone use and the number of exposed cases with

the estimated risk (incl. 95% confidence interval) for long-term users as well as the corresponding

definition of longterm use.
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cer were not examined in mobile phone studies so
far. The biggest challenge for the Cosmos study is
the constantly changing technology and the question
how to measure relevant differences of exposure
across the population in the future.

Outlook

The rapid spreading of mobile phones at the end of
the nineties and the development towards cheaper
prices for making calls resulted in a high popularity of
mobile phones. Innovative concepts like “flat rates”,
“home zones*“, multifunctional mobile phones and
the replacement of traditional phones at home by
cordless phones contribute to the development that
mobile phone users use the phone more frequently,
that they have begun to use phones at an earlier age
and that they have phoned more than the typical
users of epidemiological studies performed today.
“Flat rates”, which almost allow mobile phone usage
without limits, stand in contrast with the observation
that e.g. in the German component of the Interphone
study a user with a life-time cumulative 195 hours of
usage belongs to the intensive mobile phone user
group [3]. Another noteworthy trend however is that
the microwave exposure from the phone became much
lower over time and will most likely again be lower
with the expansion of UMTS networks.

When considering all epidemiological studies com-
pleted until now, which all speak against an at least
substantial cancer risk, together with the numerous
experimental studies primarily speaking against ad-
verse health effects, it seems unlikely that new na-
tional small epidemiological studies will provide new
insights. Multicenter studies with a common protocol
and a sufficient size of study, as e.g. the Cosmos
study, have all the advantages to verify the available
knowledge and to respond flexibly to new hypothesis.
The popularity of the mobile telecommunication tech-
nology and its constant development require a con-
tinuous scientific monitoring of adverse health con-
sequences, which is where epidemiology can play a
key role.
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Insights

from experimental

The question whether high-frequency electromagnetic fields are health-relevant or not, is still controver-
sially discussed. Since the introduction of mobile communication by private persons this discussion has
expanded considerably. Huge parts of the population think that health hazards exist and are critical of
mobile radio operators and manufacturers of end devices. The only way to react to the fears in the
population is to initiate scientific investigations that are cleanly performed and which examine possible
dangers on all relevant levels. Besides biophysical investigations on membranes, especially investiga-
tions in cells, animals and humans are necessary to assess both possible mechanism and consequences

for the whole organism.
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In principle, high-frequency electromagnetic fields (HF-
EMF) in the frequency range of mobile communica-
tion are not able to ionize and thus cause direct
changes in molecules or atoms. They are therefore
fundamentally different from ionizing radiation, which
provokes damages already at smallest radiation dos-
es. The only established effect of HF-EMF is thermal,
i.e. tissue is more or less heated by the absorption
of these fields. This fact on one hand is the basis for
the setting of limits, on the other hand the focus of
discussions about non-thermal effects of HF-EMF,
repeatedly postulated and seemingly confirmed by
single studies.

To investigate health effects of HF-EMF, biological
experiments in cells and whole organism have to be
conducted in order to examine both possible interac-
tion mechanisms and effects which cannot be deter-
mined in single cells alone, e.g. tumour initiation or
promotion. Investigations in cells are oriented to proc-
esses, which e.g. comprise the expression of certain
genes or physiological responses that can be exam-
ined by light microscopy. At any rate, possible HF-
EMF effects should be examined both in cells and in
whole organisms to compare possible effects. With-
out this basic research, epidemiological studies lack
the fundamental prerequisite to see results, if there
is a damaging effect, in relation to the overall con-
text.

Experiments on biological effects of HF-EMF neces-
sarily are interdisciplinary. While earlier studies on
this topic were performed with very simple technical
means, exposure quality and dosimetry were consid-
erably improved in recent years. The high technologi-
cal standard of present investigations ensures that
unintended “hot spots“ are avoided, meaning areas
of very high exposure falsifying the overall result. The
study that is perhaps best known is by Repacholi and
colleagues [1], where mice were exposed to a high-

EMCE research

frequency electromagnetic field at 900 MHz showed
an increased leukemia rate. By the arrangement of
antennas and the cages extremely high variations of
the specific absorption rare (SAR) were reached, which
varied by a factor of 500 across the animals. A repli-
cation study by Utteridge and colleagues with consid-
erably improved exposure conditions and a much
smaller variation of SARs could not confirm the re-
sults [2]. Other studies could find no evidence of HF-
EMF accelerating leukemia development in mice ei-
ther [3; 4].

Another criterium for the acknowledgement of a non-
thermal effect of HF-EMF on biological systems is the
replicability of results. Due to statistical laws and
biological variances, random positive results can be
expected which, per se, require no consequences.
Only when single results can be reproduced inde-
pendently, taking measures (e.g. the decrease of ex-
isting exposure limits) would be legitimized.

It should be standard today as well that experiments
are conducted blinded and with adequate controls
(sham exposure, perhaps cage controls). These re-
quirements are not trivial technically, as the expo-
sure systems (for exposure and non-exposure) must
be optically identical and in each other respect, ex-
cept for the existence of an electromagnetic field.
Only under these conditions, and if the users do not
know which animals and cells, respectively, are ex-
posed, conscious or unconscious influences on re-
sults are excluded. Unfortunately, this standard is
still not fully established. Repeatedly, studies are
submitted and published, where the conditions under
exposure and sham exposure considerably differ and
effects other than those from HF-EMF cannot be ex-
cluded. It is e.g. technically and methodologically not
acceptable, to irradiate rats with a rebuilt microwave
oven, as it was done in 2006 by Trosic and colleagues
[5]. The exposure conditions not only are less than
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optimal, also other influential factors, especially noise,
could have led to considerable effects. It is evident
that the tests were not blinded.

But also negative results, i.e. lacking evidence of
biological effects of HF-EMF should be viewed critical-
ly sometimes. Anane and colleagues e.g. could find
no evidence of additional adverse effects in rats in
which, by the application of a carcinogen, breast can-
cer was induced [6]. The group size of 16 animals
was too small to provide evidence of effects. The
statistical power of investigated parameters in such
investigations has to be calculated prior to experi-
ments so as to ensure sufficient power also when
negative results are expected. Otherwise such stud-
ies are worthless.

Investigations of possible biological effects of HF-
EMF require hypotheses, without which the experi-
ments sometimes are like fishing in murky waters.
The testing of all possible parameters in order to find
effects, is not only doubtful scientifically, but causes
a large statistical problem, namely that of the accu-
mulation of significance. If e.g. 10 parameters are
investigated, the probability that one or several fac-
tors differ “significantly” across exposed and non-
exposed objects is very large. One can compensate
such accumulated significance by correspondingly
tightened statistical tests, but then one has the dis-
advantage to not discover actual differences. At any
rate it is necessary to define the parameters to be
investigated based on hypotheses prior to an experi-
ment.

The great majority of investigations to-date performed
on possible biological effects of non-thermal HF-EMF,
which meet the mentioned qualitative criteria, could
not show any damages. This is true for experiments
performed, in part over long periods, with cells and
animals. The investigations that at first showed ef-
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fects, could not be confirmed in replication studies,
or there are no such studies yet. Although it seems,
mainly thanks to considerably improved quality stand-
ards, that non-thermal HF-EMF have no adverse health
effects, research on this topic cannot be seen as
finished, as new technologies (frequency bands, types
of modulation) are emerging. Their possible biologi-
cal effects should be tested before full area coverage
is obtained.
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of the Engineering Sciences
to the Research on Possible
RF-related Health Effects

During the last two decades the research
activities on possible RF-related health effects
caused by modern mobile communication
technologies (“EMF research”) have been
increasingly recognised as a complex inter-
disciplinary science, essentially requiring

a high degree of both biological/medical

as well as engineering expertise. Unfortunately,
this kind of recognition was not always given

in the past, as can be seen on the basis of several
“early” investigations.

| many of these studies focusing on various biologi-
cal endpoints, including in vitro, in vivo and human
studies, sophisticated biological/medical protocols
and methodologies were applied. However, many im-
portant technical aspects related to the exposure of
the test samples/subjects were only poorly ad-
dressed, although the basic physical interaction mech-
anism between radio frequency radiation and biologi-
cal tissues are known and documented in the scien-
tific literature since the 1950s (even though only
based on rather simple models). Intuitively, devices
such as commercially available radio handsets or
mobile phones or antennas fed by generic RF sourc-
es in the ,switched on” or “switched off” state, “close

to” the test objects/subjects were used as “expo-
sure facilities” without any clear definition of the ac-
tual exposure conditions. Mainly driven by the partly
inconclusive results provided by many of these early
studies, the demand of engineering knowledge in this
field of research has been increasingly realised and
it became clear that providing well defined exposure
conditions for specific test samples or test subjects
within a given biological study design requires a con-
siderably high degree of engineering know how. This
understanding triggered what one could call a “boom
of EMF research related engineering science” in the
early 1990s. Experimental methods for measuring
the dielectric properties of body tissues have been
optimised and enabled the dielectric tabulation of
many important body tissues over the entire frequen-
cy range relevant in practice. Methodologies for meas-
uring RF absorption in simplified homogeneous body
phantoms have been developed and reached produc-
tion stage within only a few years, such that stand-
ardised compliance testing of mobile phones was
available almost simultaneously to their steeply in-
creasing world wide propagation. Moreover, the
spreading and the advances of personal computer
technology, taking place in the same time period,
enabled reasonable software implementations of
known numerical methods for computational electro-
dynamics. Especially in this field of ,computational
dosimetry” the rapid progress, which could be ob-
served in recent years, is impressive. While at the
end of the 1980s computational dosimetry was still
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limited to body models consisting of a few thousand
voxels having dimensions of a few centimeters, one
decade later, body models consisting of several mil-
lion cells of size in the range of millimeters were
ready and could be handled by the available compu-
tational hardware resources. But not only human body
models have been developed, but also voxel models
of test animals were made available which has to be
seen as a milestone with respect to the design of
exposure facilities for animal experiments. With these
achievements, a tissue specific absorption analysis
in test animals and a comparison between the ab-
sorption pattern in test animals and in humans under
practically relevant exposure conditions were made
possible for the first time. Today, a further decade
later, a series of CAD-based high resolution body
models, developed from MRI scans of both male and
female children and adults are available. More than
100 tissue regions can be distinguished in some of
these models, and based on currently available per-
sonal computer technology, computations with a spa-
tial resolution in the sub-millimeter range and several
hundred million voxels are possible. Using appropri-
ately equipped high performance computer or compu-
ter cluster computations with more than a billion vox-
el are feasible today.

Mainly this amazing progress in computational dosim-
etry led to a significant improvement with respect to
the engineering aspects of biological studies in re-
cent years. On the one hand it has become possible
to provide evidence for the weaknesses of the expo-
sure concepts and dosimetric methodologies used in
many of the early studies, and on the other hand the
development of highly sophisticated exposure facili-
ties for specific biological/medical study designs has
been enabled, providing not only a qualitative indica-
tor but also a quantitative tissue specific measure of
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the actual exposure during the experiments. There-
fore, since the late 1990s, it is generally accepted
that EMF-related biological/medical studies can only
provide reliable and scientifically acceptable results,
if competent scientist of both the biological/medical
and the engineering sciences are working closely to-
gether. As a consequence, a tight co-operation of
biologists and engineers becomes an essential con-
dition by most EMF research funding agencies, which
further led to the development of many highly sophis-
ticated exposure facilities for a variety of studies (in
vitro, in vivo, as well as human studies) in recent
years. Defined exposure conditions within known
boundaries of uncertainty, (double) blinded applica-
tion of multi-level exposure with high flexibility regard-
ing the time course of the applied RF signal and at
the same time keeping the impairment of the test
samples/subject at a minimum under precisely con-
trolled environmental conditions have become basic
requirements, and are acting as a robust physical
basis of state of the art study designs.

A further aspect, not only closely related to the
progress of the dosimetric methodologies described
above, but also of general importance for the EMF-
related research, is the question of achievable (expo-
sure-) uncertainties in typical RF exposure situations.
The awareness about the range of uncertainty, the
way how its boundaries are quantified, and the deri-
vation of its consequences with respect to the study
outcome is frequently used as an important measure
of the quality level of a scientific study. Moreover,
the definition of uncertainty ranges with respect to
exposure assessment in electromagnetic fields plays
an essential role in view of setting safety standard
for personal exposure. Also in the field of RF expo-
sure-related uncertainty assessment it was again the
progress on computational dosimetry, which enabled



many essential insights. Besides the well known ba-
sic propagation properties of electromagnetic fields
and the complex spatial and temporal inhomogene-
ous field distributions connected to them, as well as
the complex interaction mechanisms in the near field
of antennas, the biological variance of the human
anatomy and tissues has been identified as an im-
portant uncertainty contributor. When additionally tak-
ing into account, as usual in daily life situations,
“uncontrolled“ exposure conditions, in which addi-
tional variations of the resulting exposure are caused
by transmit power control, complex medium access-
and duplex schemes as implemented in modern mo-
bile communication devices, it becomes obvious that
the total uncertainty in exposure assessment (with
respect to power absorption) can reach easily more
than one order of magnitude under general condi-
tions. Even higher uncertainties must be expected, if
the RF-induced temperature elevation in the tissue,
which is currently seen as the biologically relevant
quantity, is of interest. In this case further significant
uncertainty contributors as thermal tissue properties
and, most important, the active thermoregulatory re-
sponse of the organism need to be additionally taken
into account. Today, under controlled conditions, as
it is the case in well designed biological/medical stud-
ies using one of the above mentioned high tech expo-
sure facilities, the resulting uncertainties can at least
be kept within a range required for a serious interpre-
tation of the study results. A reliable exposure as-
sessment with a known minimum uncertainty under
uncontrolled conditions including multi source expo-
sure, as usual in practice, however, is still one of the
present challenges of the EMF research-related engi-
neering science.

From the above it can be recognised that the uncer-
tainty assessment in RF dosimetry is not a problem

to be solved straightforward, but that its scope has
been shifted during the last two decades. While at
the beginning the focus was on uncertainties due to
simplified body models and limited computational re-
sources, the progress in computational dosimetry led
to an decrease of its inherent uncertainties on the
one hand and to the identification of other significant
uncertainty contributors on the other hand. Not only
this situations shows that there is still demand for
further engineering activities in EMF related research.
Despite of extending the currently available method-
ologies to new frequency ranges and exposure condi-
tions to be expected in future, the issue of a reliable
analysis of complex (i.e., real) exposure situations
based on the biologically relevant quantities appears
to be one of the most challenging fields for future
EMF research related engineering tasks. For exam-
ple, embedding the classical electrodynamics-based
RF-dosimetry into multi-physics models in connection
with statistical methods might be one of the next
steps, which can bring benefits to the macroscopic
exposure assessment and, moreover, which might
also bring new insights in the area of microdosime-
try, i.e., the assessment of possible interaction mech-
anisms on the cellular level.
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“The situation is hopeless, but not serious.*

Paul Watzlawick

The media -

a hysterical hype machine

in the EMF debate?

by Peter Wiedemann

More than 30 years ago
Paul Watzlawick — known
from his essay ,,The Pursuit
of Unhappiness“ - has
written a book on solutions.
In this book, he shows that
ways intended to solve a
problem

may contribute to the
problem - sometimes they
considerably intensify the
problem.

For instance, too much
safety produces repression;
too

much chocolate - usually
considered as a mood
enhancer - leads to nausea;
foreign military forces
invading another country
to pacify it may intensify
the fights. The issue is:
When you get “more of

the good stuff“ it quickly
becomes ,too much:

42 NE?@E 3/2007 15t} . { EGE

In this dialectical perspective | will talk about wheth-
er and how the media produce social technophobia,
especially, whether they amplify concerns and fears
regarding wireless telephony. In short, | will talk about
the mobile phone dilemma: By this | mean the contra-
diction between factual acceptance (nearly everyone
has a mobile phone, many even two) and the con-
cerns over risks in the public. One could object that it
cannot be so bad.

e Despite intensive efforts, science has found no
hard scientific facts showing a risk from mobile
communication — and the FEMU database compris-
es 10951 publications on the effects of electro-
magnetic fields?.

e Moreover, the story of mobile phones is an unprec-
edented victory: nothing has changed everyday life
as much as the mobile phone, apart from the inter-
net and the personal computer.

e |n addition, we can see that the system “Mobile

communication in society” is robust — until now it
could not be lifted off its hinges, despite all fears
over risks.
The system is working, but not loved — however,
must we love it? Some may argue, that wireless
telephony is about considerable investment, and a
huge number of work places

e in short, the future of a key technology is at stake.



Therefore, caution is needed, because scaremonger-
ing is no trivial offence. So back to the question: are
the media the culprit? Doubtlessly, daily newspapers
like “Bild“ in Germany or “Sun” in the UK repeatedly
contribute to public concerns. However, it is my opin-
ion that scolding the media is not really a way to
solve the problem. Perhaps there is good reason that
media are the way they are; according to the famous
dictum of Hegel from his preface to Philosophy of

Right (1821): “Was vernunftig ist, das ist wirklich;

und was wirklich ist, das ist verninftig.“ in English:

“What is reasonable, is real; that which is real, is

reasonable.”

| will try to look into this in more detail:

e First, we have to accept that media are not only
drivers, but also driven in a game that is inscruta-
ble also for them. Media are driven insofar as they
have to orient their messages — according to the
key/keyhole principle — to the users of informa-
tion.

e Second, because media need resonance, their
“worst case“ is not a false message, but boring
contents and the lack of interest which do not
encourage to buy.

e Third, since Sigmund Freud we know that human
behaviour is controlled by unconscious drives and
passions. Of course, the same goes for the users
of media.

That’'s why media are what they are: They have to

satisfy the curiosity, the voyeurism, the passion for

sensations and for excitement of fear — in Freuds’
terminology for the “Angstlust” — of the media con-
sumers. This is a fact that must be considered, if
wanting to understand the controversy on mobile
phones better. But sometimes this issue is ignored
or forgotten. In our political discussion about how to
solve the mobile phone controversy, in particular how
to enhance public acceptance of cell phone towers,
we tend to start from on idealized understanding of
the role of the public. It is the concept of a rational
citizen responsibly dealing with risks. And it is the
conviction that we can solve all problems in a fair and
open discourse. To give you one example: In 2005,

the former German minister Jlrgen Trittin — former

head of the federal ministry for the environment —
suggested that even for controversial cases, the mo-
bile network operators should engage in more dis-
cussions with the local authority representatives as
well as with actively involved citizens ...” (Press re-
lease BMU & BMWA, Nr. 075/05). Of course, this
view is politically correct, but unfortunately, a coun-
terfactual description. It ignores the power of emo-
tions. Media consumers want to be entertained. En-
tertainment however means to address emotions.
Crying and laughing with the news, that is the motto.
Moreover — and this is a hard fact of human psychol-
ogy — the uncommon and the negative news bring
attention. Everyone knows: “Women bites dog* brings
more attention than “dog bites woman.“ Further, the
human information processing of risk information has
some special characteristics that will be briefly out-
lined in the following:

e Cognitive psychology has shown that numbers have
a less sustainable effect than words, and words
are less sustainable than images where judgements
and decisions are needed. An example: The will-
ingness to spend money increases when the dra-
matic fate of one refugee is described, including
images. Statistics — the description of the general
misery — is barely appropriate to increase the will-
ingness to make a donation.

e Moreover, number blindness is a common deficit.

Percentage calculations are not part of the gener-
al knowledge, not even in academics.
Many people have difficulties to sensibly interpret
small probabilities, especially distinguish between
the orders of magnitude of such small probabili-
ties (e.g. 10° versus 107%). This is not surprising,
as such orders of magnitude are outside the range
of normal human experience.

e As precarious is the concept of chance of many
people. According to them, an essential character-
istic of chance is that there are no regular pat-
terns. So many people think that the birth sequence
in a family “boy / girl / girl / boy /girl /boy“ is
chance, but not the sequence “girl / girl / girl /
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boy / boy / boy.“ (I have to admit that these cases
are very rare in German families)

e Another issue is the omission bias: It is the ten-
dency to judge harmful actions as worse than equal-
ly harmful inactions. One example for this bias is
how people deal with “vaccination” Some parents
abstain from vaccination, due to the risk of side
effects. Unfortunately, they completely ignore the
risk caused by the lack of vaccination.

e Associated with this are causal thinking fallacies.
This is mainly the “post hoc ergo propter hoc*“-
fallacy (“after this, therefore because of this*®).

e |n addition, people lean towards the confirmation
bias. People prefer looking for cases that confirm
their assumptions than for cases that would falsi-
fy them.

And, finally, there are — sometimes — quite bizarre
attribution patterns. In a recent Austrian study on
cancer risk perception, about 25 % of study partici-
pants thought that earth radiation and water veins
cause cancer. One would probably get similar results
in Germany. Esotericism is just popular. Beside these
judgemental fallacies there is also the general fear of
new things, people fear the risk of the unknown, the
unfamiliar and the foreign. But is it always correct?
We should remember that the formula that the new
and therefore the strange is a risk, is not always
true, obviously. And: Being familiar with something is
no guarantee of safety. Most murder victims knew
their killers. And most accidents occur in the house-
hold and on familiar streets.

To avoid misunderstandings: This is no defence of a

careless or even happy-go-lucky acceptance of risks.

Instead, this is about the proper measure to deal

with scientific uncertainty. The media know about

these psychological conditions from experience and

the media are using them - for instance, when a

headline is selected as a lead for a dry news item. No

doubt, from the point of attention seeking pictures
are better than words, some exaggeration is helpful.

So risks are presented in the form of scandalizing

stories, where not only the risk, but the involved per-
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petrators and victims as well as their motivations are
described.
The trick is that different presentation (different sto-
ries) of an “objective” risk leads to different judge-
ments about the seriousness of the risk, according
to the emotion provoked by the story. What follows
from this? Yes, media can misinform. It is also true
that it is not easy for media to combine simplification
with a coverage that is correct. The matters are com-
plicated and the public — the audience of the media -
is difficult to satisfy. But that’s only part of the truth.
Other important players in the drama of mobile phone
risk perception were not yet named: science and pol-
itics, as well as interest groups and industry.
| would like to start with a few words about science: if
science would speak with one voice, there would be
no public debate. But this is not the case.
e First, because there is no dogma in science — no
undeniable truths.
e Second, scientific dissent is normal for science.
e But there is third aspect. Increasingly extra-scien-
tific interests invade science. On one hand, scien-
tists seek the truth. On the other hand, scientists
need money for their research. And they will get it
if the research is thought to be necessary for soci-
ety.
For this, scientists need publicity. However, scientific
publishing is slow, and there is good reason for this.
So some scientists find sometimes a shortcut: they
publish their findings first in the media before they
are published in scientific journals. The pressure to
do so — and sometimes also the temptation - is
huge.
Now for politics: politicians must decide and act. For
that reason, they prefer usually scientific certainties
and mistrust knowledge gaps and vagueness. They
consider cautious scientific phrases like “according
to the present state of knowledge* or “in all probabil-
ity“ as political minefields or at least traps. However,
we should not forget that uncertainty is sometimes
welcomed because it offers room for manoeuvre. In
addition, politicians have to consider the vox populi.



And here is the role of media. The politician who
ignores the media is at risk himself.

Now, | come to the next topic, the interest groups: In
1994, Jonathan Rauch published a book titled ,Dem-
osclerosis. The Silent Killer of American Government*,
which is worthwhile to read. In contrast with the com-
mon view that stakeholder participation is good for
democracy, he argues that the number of particular
interests in their sum just do not express the com-
mon welfare. As you know: The total is more than the
sum of its parts. Following Jonathan Rauch, politics
is in a fix: it becomes a ritual of improvisation. Every
interest group gets something in direct proportion to
the political pressure it builds.

At least, we can learn one lesson: participatory deci-
sion making is not always the better alternative to
democratic decision making. Now for industry: the
mobile communication industry, intoxicated by the
success, has overlooked the signs of the coming
storm. And intoxicated it was indeed, as one can
recognize from the exorbitant sums paid at the Ger-
man UMTS auction. The blitz victory in the expansion
of mobile phones seemed to blind the movers and
shakers in the telecommunication industry. Now, they
try for better solution.

It’s now time for conclusions: So, what can we do?
First of all. there is no true road to acceptance. In the
debate on the risk of mobile telephony, many sug-
gested solutions are right, but as a whole the debate
went wrong — as Theodor Adorno says in his “Minima
Moralia“: “Es gibt kein richtiges Leben im Falschen.”
(“There is no right life in the wrong one.”). And sorry
to say, but human beliefs and attitudes can be
changed only in a long-term perspective, if at all. And
the media system can’t change by itself. So where
should we begin? | think, a crucial point is the “hys-
terization“ of risk debates, which is wrong in every
respect. Our primary goal should be to avoid agita-
tion damage without giving in to indolence. A step
forward in this direction would be, not to expect from
science what science cannot provide, i.e. 100 % cer-
tainty. And scientists should not try to appear more

certain than they can be.

Finally, we should recognize that there is no win-win
solution for all. It is sometimes a zero sum game. We
can only go on, perhaps a little better, but, hopefully,
a little less hysterically.
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Remarks on EMCE
of the 15th anniver

by Achim Enders

There has been a considerable increase in resources, i.e. money and research capacities, in the field

of EMCE in recent years in Germany and Europe. The German Mobile Telecommunications Research

Programme was an important example for that. Likewise 50-Hz magnetic fields are again more intensely

addressed in the EMCE debate, as, with the expansion of wind power, the reconstruction and expansion

of the energy distribution network to a real energy transport network is needed.

Therefore one can safely assume that much money
will be spent for EMCE research also in the future
and that the discussion influenced by society, poli-
tics and of course also by industry will have a huge
influence on funding agencies and the modalities of
granting funds again.

Wait a moment, please ... yes, you've read correctly.
But actually research and science should be more
objective than social, political, yes, even democratic
debates (that is why already Aristotle knew that sci-
ence is the least democratic business in the world —
measurement values e.g. are not determined by vote).
At least there is absolute unanimity regarding this
aspect among all interest groups: without authentic
scientific facts or what is thought to be authentic
there is no legitimate standpoint.

This social rationality given in the acceptance of sci-
entific rationale should make it possible that the in-
terest groups being active in the field of EMCE will
find answers to the following questions before re-
search funds are provided to them:

1.) There can be no proof of the non-existence of
adverse field effects below valid limits. Before new
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research is funded, a consensus should be reached
regarding the remaining risks that can be tolerable -
without knowing whether they are real or ficticious.
One can spend much money in order to ,clarify hy-
potheses” as they say so nicely in EMCE research
programmes — but before there should be clarity about
the ,remaining unclarity” that is to be accepted. Oth-
erwise all is an end in itself. This is illustrated by my
personal observation that also EMCE representatives
of the mobile radio industry and network operators
act ambivalently on this. On the one hand they refute
concrete concerns over health-relevant effects on the
basis of the present state of knowledge, on the other
hand their job would be cut by their employers, if the
risk would be regarded as neglectable from society;
moreover we all know that heart-sinking feeling when
confronted by aggressive mobile radio critics during
public hearings (partially up to real physical threats).
The question for clarity primarily shows to be a social
and psychological problem. Humans perceive risks in
their individual life subjectively. They unconsciously
refuse to perceive corresponding statistics as being
relevant for their life at all. But: Should research



funds and capacities therefore be used less effec-
tively? The heretical question must be allowed: What
could have been done with the funds granted to EMCE
research more in other areas for the safety of people?
2.) Should there be biological effects of electromag-
netic fields below valid limits, the question is: how
could they be uncovered with the best possible prob-
ability? Was there a sufficient approach to answer
this question in the past?

3.) Associated with question 2.) it may be asked as
well, whether, in the case of a reproducible effect, we
can assume at all that it is health-relevant. Asked the
other way round: What effects would then be health-
relevant with high probability?

4.) In view of the heterogeneous results reported by
many publications and reviews on biological, biochem-
ical and genetic investigations, also non-experts mean-
while ask: what about quality management? It begins
directly with the definition of observed biological end-
points: are they defined clearly and how can they be
defined precisely and reproducibly? Are there e.g.
standardized round robin tests? There is special cause
for concern regarding the question for standardized
comparability that has been addressed by some ex-
perts for years without being satisfactorily answered.
With that in mind, we must state that the exposition
measurement technology in the field and in experi-
ments is on one side naturally still a complex issue
with imponderabilites, but, on the other side, it is not
of central relevance any longer regarding possible fu-
ture research.

research on the occasion

sary of the FGF

When looking to the future, | would simply wish for
more clarity in the EMCE debate: The ,clarification”
of real or alleged effects is secondary, first it has to
be clear what we want to achieve at all - when looking
back, it is indeed amazing that the ,electrosmog de-
bate“ is more intense in society than e.g. the ,uv
debate”, i.e. the risk from solar radiation or of using
solariums. In Germany, according to projections from
cancer registries, uv radiation is responsible for the
majority of the annually new 120,000 skin cancer
cases with 5000 deaths. In comparison, the EMCE
research is a tool to counter primary fears over risks.
The FGF never evaded such partially very uncomforta-
ble questions, and has thereby done more for an
objectification than many others. Therefore | would
wish that this successful engagement will be contin-
ued!

Since 1996 Prof. Dr. rer. nat. habil.
Achim Enders is the Director of the
Institute for EMC at the Technical
University of Braunschweig. Here, he
conducts many research projects in
the area of radiated EMC, especially in
complex traffic carrier systems, as

well as electrotechnical basic research.
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